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Introduction
A R E Y O U  A N  adventurer? D o you boldly em bark on new  endeavours, tackling new  skills
and m astering new  tools? D o you w ant to learn how  to use technology to m ake your ideas
burst into life? A re you curious about how  you can com bine com puter code and electrical
circuits w ith scissors and paper‍ or even needle and thread? If the answ er is an em phatic
―yes‖ then this is the book for you!



W hat Is an A rduino?
The A rduino is a tool for building com puters that can interact w ith the physical w orld
around you. You can use it to connect sensors that detect sound, light or vibration, then
turn on a light, change its colour, m ove a m otor and m uch m ore. The A rduino is the
m agical device that sits in the m idst of all of these things. It reads in from  sensors
m easuring the real w orld, m akes decisions based on that data and then m akes som ething
happen in the real w orld, w hether light, sound or m ovem ent.

The A rduino is usually a blue board about the size of your hand. It has w hite w riting on it
labelling its different sections and has all its chips and circuits exposed. There are different
types of A rduino boards, and they aren‒t all blue, but you w ill learn m ore about that later
in the ―Parts You W ill N eed‖ section and also in A dventures 7 and 8.

The A rduino is a m icrocontroller. A  m icrocontroller is a sim ple com puter. It can‒t do m any
things at the sam e tim e but it does w hat it is told to do really w ell. You already interact
w ith lots of m icrocontrollers every day because they control things like m icrow aves and
w ashing m achines.

There are a lot of different types of m icrocontroller, but the special thing about A rduino is
that it is designed for people w ho are just starting out. So, if you are new  to code or
electronics, that‒s okay because the A rduino is great for beginners. B ut don‒t
underestim ate it‍ it can still take on big projects.



W hat You W ill L earn
A fter com pleting these adventures, you w ill have learned how  to set up the A rduino
program m ing environm ent on your com puter and how  to w rite and upload code to your
A rduino board. You w ill find out how  to w ork w ith three different A rduino boards: the
U no, Leonardo and the Lilypad U SB .

You w ill learn basic program m ing concepts that you can use beyond w orking w ith the
A rduino. The A rduino language is based on the C /C ++ language. This m eans that as you
learn how  to code A rduinos, you are also learning about how  program m ing w orks on
com puters like a laptop or a R aspberry Pi.

A longside program m ing, you w ill be introduced to circuits and electronics. You w ill learn
how  to use sensors to detect real-w orld signals like light or m ovem ent, and you w ill learn
how  to generate actions in the real w orld, such as playing a sound or turning on a light.

B y the end of this book, you w ill have a broad understanding of w hat you can do w ith an
A rduino and be ready to start designing and building project ideas of your ow n!



Parts You W ill N eed
It‒s becom ing easier to buy A rduino boards in stores. Popular retail chains like M aplin in
the U K  now  stock A rduinos. B oth of those stores also sell the electronic com ponents that
you need for the projects in this book. If it‒s not convenient for you to get to a store there
are also m any online retailers to choose from , and som e of these are listed in A ppendix B .

This section explains all the parts you need to m ake all the projects in this book. M any of
the projects use the sam e core parts.

O f course, the m ost im portant thing you need is an A rduino board. There are m any
different kinds of A rduino boards, but the A rduino U no is the m ost com m on one and the
one you use the m ost in this book. You also need an A rduino Leonardo for A dventure 7
and a Lilypad A rduino U SB  for A dventure 8. A ll three boards are show n in Figure I-1.

FIG U R E  I-1 A rduino U no (top left), A rduino Leonardo (bottom  left) and Lilypad
A rduino U SB  (right)

You w ill need a U SB  cable to connect your A rduino board to your com puter. For the
A rduino U no you need a ―norm al‖ U SB  cable, but for the A rduino Leonardo and Lilypad
A rduino U SB  you need a U SB  M icro cable. B oth are pictured in Figure I-2.



FIG U R E  I-2 A  U SB  and U SB  M icro cable

You use breadboards to build circuits. B readboards let you connect com ponents easily
w ithout having to use solder. They com e in different colours and sizes. The larger ones are
useful for m ore com plicated projects w ith lots of parts, w hereas the sm aller ones are good
for projects that you w ant to fit inside a sm all space. Tw o different sizes of breadboards
m ade from  tw o different types of plastic are show n in Figure I-3. A dventure 3 is the only
project that uses a breadboard in the com pleted project; the other adventures use a
breadboard only to test a circuit. A  larger breadboard w ill be easier to w ork w ith, but if
you can only find sm aller ones, that‒s perfectly okay.



FIG U R E  I-3 B readboards in different sizes and colours

Jum per w ires are w ires you use w hen you build prototype circuits to try out new  concepts.
They m ay be short pieces of stiff w ire like those show n on the right in Figure I-4, or they
m ay be m ore flexible w ire w ith pins on either end like the ones on the left.

FIG U R E  I-4 Jum per w ires

LED s are a particular sort of light (LED s stands for light-em itting diodes) that com e in a



big selection of sizes and colours. For m ost of the projects in this book you can use
w hatever size and colour of LED s you like. The m ost com m on size is 5 m m , but the larger
10 m m  LED s can be great fun to use too. M ost LED s are single-colour, but you use an
LED  in A dventure 6 that has four legs instead of only tw o and can change colour. In
A dventure 8 you use som ething called a Lilypad LED , w hich is m ade especially for
sew ing circuits. A ll the different types of LED  used in the projects are show n in Figure I-
5.

FIG U R E  I-5 D ifferent types of LED , w ith a colour-changing LED  on the right and below
it a Lilypad LED

R esistors are a com ponent you read m ore about in the adventures. They com e in different
values of resistance, w hich is m easured in ohm s (Φ ). You don‒t need m any different
resistances for the projects in the book but as resistors are sm all and quite cheap it‒s a
good idea to buy extra. You need resistors of 68 or 100 Φ , 220 Φ , 10k (10,000) Φ , 1M
(1,000,000) Φ  and 10M  (10,000,000) Φ . Figure I-6 show s the different resistors.



FIG U R E  I-6 R esistors needed for the projects in this book: 100Φ  (top left), 220Φ  (top
right), 10kΦ  (bottom  left), 1M Φ  (bottom  m iddle) and 10M Φ  (bottom  right)

Potentiom eters are the electronic com ponents behind volum e knobs or dials on a stereo.
They com e in m any different sizes and shapes. Som e fit into a breadboard on their ow n,
like the blue one in Figure I-7, w hereas others need w ires soldered to them  that can
connect to a breadboard, like the one in the m iddle in Figure I-7. Larger ones are easier to
m ount in a project and m ay be called panel-m ount potentiom eters.

FIG U R E  I-7 Three different types of potentiom eter



A  servo, show n in Figure I-8, is a m otor that you use in A dventure 3.

FIG U R E  I-8 A  servo m otor

B uttons are another com ponent that com e in m any shapes and sizes. You m ight have never
noticed this before, but there are m any different kinds of button! A ll the projects in this
book use push-to-m ake (the opposite of push-to-break) buttons so those are the ones to
buy; as long as they are push-to-m ake, you can use any kind of button you w ould like.
Tactile push buttons are very little buttons that fit in a breadboard, so they are good to
have w hen you are testing your circuit. For your actual projects, panel m ount push buttons
are better. B oth are show n in Figure I-9.



FIG U R E  I-9 A  tactile push button (left) and three different panel m ount buttons (right)

In A dventure 4 you discover how  to use shift registers, w hich are sm all black chips you
can use to control a lot of LED s. You w ant a chip that is a 74H C 595 shift register‍ you
find out w hat that m eans in the adventure. You need to buy a chip w ith 16 legs on it, as
show n in Figure I-10.

FIG U R E  I-10 A  shift register

Piezos are used to detect vibrations and can also m ake sound, like a speaker. You need one
piezo for A dventure 5 and six for A dventure 9. They som etim es com e inside black plastic
housing, w hich is okay for the one in A dventure 5 but you need at least five w ithout
housing (like the one in Figure I-11) for A dventure 9.



FIG U R E  I-11 A  piezo

A  light-dependent resistor can tell an A rduino board how  bright or dark it is. These look
like the one in Figure I-12 or can be a little bigger.

FIG U R E  I-12 A  light-dependent resistor

H eader pins are sm all strips of m etal that are separated by plastic so that they fit perfectly
into the holes on the A rduino U no. They com e in different spacings (called pitches), so
you should m ake sure you get 2.54 m m  m ale header pins, like the ones in Figure I-13. You
need a strip of five for A dventure 5, but you can buy them  in longer strips and easily break
them  apart into sm aller sections w ith pliers.

FIG U R E  I-13 M ale header pins

W hen you think about circuits and electricity, one of the first things you picture is



probably w ire. B ut w ire isn‒t a single item ; there are m any different kinds. W ire can be
m ade of a single piece of m etal (called solid core) or a lot of sm aller pieces of m etal
tw isted together (called stranded). Figure I-14 show s solid core and stranded w ire. Solid
core can be useful for breadboards but it‒s very stiff. Stranded is easier to bend, but you
need to solder the end of it in order to get it to fit in a breadboard. You can decide for each
project w hich sort you w ant to w ork w ith‍ there isn‒t a right or w rong type to use.

FIG U R E  I-14 Solid core w ire (left) and stranded w ire (right)

W ire usually com es w ith som e kind of coating that doesn‒t conduct electricity. It m ay be
coloured plastic like the w ire on the right in Figure I-15, or it m ay be enam elled like the
w ire on the left. You can decide w hich w ire w orks best in your projects. The enam elled
w ire w orks w ell in the augm ented w ind chim e in A dventure 5 because it‒s very thin and
lets the chim es sw ing easily. H ow ever, you could build the w ind chim e using a different
thin w ire.



FIG U R E  I-15 Enam elled (left) and plastic coated (right) w ire

Solder is like a conductive glue for electronics. It som etim es com es on spools in different
thicknesses like in Figure I-16. The projects in this book don‒t require very sophisticated
soldering, so you don‒t have to w orry about w hich thickness to buy. Just about any
thickness w ill w ork okay. The only im portant thing to w atch out for is to m ake sure you
buy solder for electronics‍ don‒t buy solder that‒s used for plum bing!



FIG U R E  I-16 Solder on spools

A fter you build your projects, you m ight w ant to run them  w ithout having to connect them
to your com puter for pow er. If so, you can either pow er your project from  a pow er supply
or from  a battery. If you use a pow er supply, it‒s easiest to buy a U SB  w all adapter‍ a
pow er supply that lets you connect a U SB  cable to a w all socket, w ith the other end of the
U SB  cable plugged into your A rduino board. If you‒d like to use a battery, the best option
is to get a 9V  battery connector w ith a D C  barrel on the end. There is a black plug socket
on your A rduino board w here you can plug in the connector. B oth options are show n in
Figure I-17. For the Lilypad A rduino U SB , you can use a LiPo battery, but you read m ore
about that in A dventure 8.

FIG U R E  I-17 A  9V  battery-to-D C -barrel connector (left) and a U K  plug for a U SB  cable
(right)

W hen you w ork w ith soft circuits in A dventure 8, you need alligator clips like the ones in
Figure I-18, w hich you use instead of jum per w ires.



FIG U R E  I-18 A lligator clips

In A dventure 8, you also use conductive thread, w hich is thread spun w ith conductive
fibres. There are different kinds available from  different m anufacturers, but all the options
are a silver colour as show n in Figure I-19.



FIG U R E  I-19 C onductive thread



Tools You W ill N eed
Just as you need ham m ers and saw s to build som ething w ith w ood, you need special tools
to w ork w ith electronics.

W hen you test your circuits you use a breadboard, but you eventually need to go beyond
the breadboard. For exam ple, you m ight need to add longer w ires to a com ponent so it fits
inside your housing, or you m ight w ant to connect com ponents together in a m ore
perm anent w ay that w on‒t fall apart.

The first thing you need is a soldering iron. Solder is like glue for electronics, but it only
w orks at high tem peratures (think of it as a hot glue for electronics). A  soldering iron is a
tool that gets very hot (m uch hotter than an oven) so that it can m elt solder. O nly use a
soldering iron w hen an adult is nearby to help you.

A  soldering iron m ay be a single hand-held tool that plugs into the w all, like the one in
Figure I-20. O r it m ay plug into a box w ith a tem perature dial that plugs into the w all.
Either kind is okay. The im portant thing is to buy one that is m eant for sm all electronics
and not plum bing or any other activity.

FIG U R E  I-20 A  soldering iron

W ire often com es w ith a plastic coating that is an insulator that doesn‒t conduct electricity.
You som etim es need to rem ove this plastic coating from  the ends of the w ire so you can fit
it into a breadboard or solder a com ponent to it. You could alw ays carefully use a knife or
cutters to try and rem ove the plastic, but that can be a very frustrating m ethod. It is w ell
w orth buying the right tool for the job. Enter the w ire stripper!

W ire strippers com e in lots of shapes and sizes, as you can see in Figure I-21. C hoose
w hichever one you like best.



FIG U R E  I-21 D ifferent kinds of w ire stripper

W ire cutters do w hat you expect‍ they cut w ires. B e sure to get sm aller ones that easily fit
in your hand as you w ill be w orking w ith sm all com ponents and thin w ires. Figure I-22
show s the kind of w ire cutters you could get.

FIG U R E  I-22 W ire cutters



Pliers help you shape and bend w ires. They com e in different sizes and shapes, but a
sm aller general purpose pair of pliers is all you need for the projects in this book. Either of
the pairs in Figure I-23 w ould w ork w ell.

FIG U R E  I-23 Pairs of pliers

The next tool m ay seem  a bit daunting, but it can be your best friend w hen w orking w ith
electronics. It‒s the m ultim eter! It m easures m ultiple things (that‒s how  it got its nam e),
w ith resistance and voltage being the m ost useful to the beginner. They range from  very
cheap to extrem ely expensive. W hen you are choosing one for yourself, you don‒t need to
spend a lot of m oney, especially if it is your first m ultim eter. You probably w ant one that
auto-ranges, though that‒s not essential, but you definitely need one w ith a continuity test.
(W hen you look at m ultim eters in a store, auto-ranging and continuity testing w ill be listed
in their features.) A uto-ranging m eans that you don‒t need to know  the approxim ate value
of w hatever you are testing before you test it. A  continuity test is w hen the m ultim eter
beeps w hen an electrical connection is m ade betw een the probes. Figure I-24 show s a less
expensive m ultim eter, w hich isn‒t auto-ranging but does have a continuity test.



FIG U R E  I-24 A  m ultim eter

The final tools are not specifically used w ith electronics but are be essential for
constructing the housing for your projects: scissors and a utility knife (Figure I-25).
A lw ays take care w hen using either!



FIG U R E  I-25 A  pair of scissors and a utility knife



Softw are You W ill N eed
W hen w e talk about A rduino, it is easy to think about the board and nothing else. A fter all,
that‒s the part you physically place into your project. H ow ever, the A rduino needs code in
order to do anything. You w rite that code on another com puter first and then upload the
code to the A rduino board.

The com pany that m akes the A rduino board also m akes the softw are that helps you w rite
and upload the code. It‒s free to dow nload from  http://arduino.cc/en/Main/Software.

A dventure 1 takes you through the steps to setting up the softw are on your com puter.

The circuit schem atics and diagram s of circuits on breadboards in this book are m ade w ith
a program  called Fritzing, w hich is also free online at http://fritzing.org/download.
You can even use Fritzing to start designing your ow n projects!



O ther U seful M aterials
W riting code and building a circuit is only one half of com pleting a project. Your project
doesn‒t com e alive until it is surrounded by som e kind of housing. W hether it‒s a gam e or
an interactive light, w hen it is just a circuit on a breadboard it hasn‒t yet reached its full
potential.

So, to m ake the projects in this book, you use m any low -tech techniques alongside your
new ly acquired high-tech skills. Scissors, paper and glue form  the basis of m any of your
projects. It‒s good to have the follow ing item s to hand, but it‒s never a bad decision to add
decorative item s like glitter that allow  you to let your im agination run riot! In particular,
you need the follow ing things:

Sm all cardboard boxes or shoeboxes
C ard, cardboard and paper
Paint for decorating
String or yarn
W hite craft glue, glue-stick or a hot glue gun
Paintbrush
A  balloon (for A dventure 6)
A  m arble (for A dventure 9)



W hat I A ssum e You A lready K now
B ecause you‒ve started reading this book, I‒m  going to assum e you‒re already interested
in technology! You don‒t need to have done any com puter program m ing previously or
built any circuits (that‒s w hat this book is explaining!), but I do assum e that you have used
a com puter before.

You need a com puter to w ork w ith the A rduino but it doesn‒t really m atter w hat operating
system  your com puter uses‍ M ac O S X , W indow s or m any different Linux distributions
(see http://playground.arduino.cc/Learning/Linux for guidance on w hich Linux
distributions you can use). I assum e that you are com fortable going online and
dow nloading files and that you know  how  to find and open applications on your com puter.

You m ay need an adm inistrator passw ord to install som e of the softw are, so if you don‒t
know  the passw ord for your com puter it w ill help if som eone w ho does know  the
passw ord is nearby w hen you install it.



H ow  T his B ook Is O rganised
This book guides you through program m ing your A rduino board and constructing circuits
in nine adventures. Each adventure starts by introducing the new  skill you need in order to
com plete the standalone project at the end of the adventure. The new  skill m ight be
learning how  to use a new  com ponent such as a m otor, for exam ple, or how  to do
som ething clever in code.

The m ost im portant adventure for you to start w ith is A dventure 1. It helps you install the
softw are needed to upload your code onto your A rduino board. A fter all, if you don‒t do
that, the rest of the adventures w on‒t be m uch fun!

A dventures 2 to 9 build on previous adventures, so I recom m end that you follow  the
adventures in order. O f course, if you prefer you can throw  caution to the w ind and do
them  in any order you w ant. You can alw ays look up m ore guidance on a particular topic
from  an earlier adventure if you com e across som ething you don‒t know .

A s w ell as helping you set up your com puter so you can program  your A rduino board,
A dventure 1 also guides you through your first A rduino program , called a sketch. You
even build your first circuit on a breadboard and control an LED .

In A dventure 2 you learn how  to control m ore than one LED , how  to print m essages from
your A rduino board to your com puter and how  to use your first sensor‍ a potentiom eter.
You get to put your new  skills into practice by building a status m essage sign that lights up
to show  that you don‒t w ant to be disturbed.

In A dventure 3 you are introduced to your second sensor: a push button. You com bine it
w ith potentiom eters to control a m otor. You also learn how  to use for loops in com puter
code to repeat the sam e thing over and over again. Putting it all together, you build a
com bination safe that opens only w hen the correct com bination is dialed. The ―safe‖ is
only a cardboard box, so it‒s probably not fit for storing the fam ily jew els, but it‒s good
enough to protect your favourite sw eets.

A dventure 4 show s you how  to break up your code into bite-sized pieces using functions.
You then use functions to control m ultiple LED s using special chips called shift registers.
In the final project of the adventure, you m ake letters w ith em bedded LED s in the style of
old carnival signs.

A dventure 5 adds sound to the grow ing list of actions you can control w ith your A rduino.
You find out how  to m ake lists in code to play short tunes over a new  com ponent‍ a
piezo. You then m ake an augm ented w ind chim e that puts an electronic tw ist on a
traditional instrum ent.

A dventure 6 introduces m ore subtle controls by show ing how  you can fade an LED  and
not just turn it on and off. You also expand the abilities of your A rduino by installing new
libraries that don‒t com e w ith the A rduino softw are. You then com bine your new  skills
w ith a three-colour LED  to create a crystal ball that m agically changes colour!

In A dventure 7 you are introduced to a new  A rduino board, the A rduino Leonardo. You



m aster one of the exciting features of the Leonardo: m aking a com puter think the A rduino
is a keyboard. You add a new  sensor that detects light and m ake a com puter gam e
controller that lets you play a gam e w ith a w ave of your hand.

In A dventure 8 you get to w ork w ith another A rduino board and build circuits using a
needle and thread instead of w ire and a soldering iron. This adventure helps you becom e a
m aster of arrays and create a hoodie that displays a secret m essage.

A nd finally, A dventure 9 is the big adventure! You have to chance to put together all the
skills you‒ve gained over the earlier adventures to create a m arble m aze gam e that
autom atically keeps track of your score, counts dow n the rem aining tim e and plays sound
effects. You use a fam iliar com ponent in a new  w ay, using a piezo to detect vibrations as
w ell as play sound effects.

A ppendices A  and B  prepare you for further adventures beyond this book. A ppendix A
points you tow ard other A rduino resources in print and online, and A ppendix B  show s you
w here to buy tools and com ponents for your projects.



C onventions
Throughout this book there are boxes to help you out:

 These boxes explain concepts or term s you m ight not be fam iliar w ith.

 These boxes give you hints to m ake your coding and building easier.

 These boxes contain im portant w arnings to keep you and your com puter safe w hen com pleting a step or
project.

 These boxes feature quick quizzes for you to test your understanding or m ake you think m ore about a
topic.

 In these boxes I explain things or give you extra inform ation I think you‒ll find useful.

 These boxes point you to videos on the com panion w ebsite that take you through the steps.

You w ill also find tw o types of sidebar in the book. The C hallenge sidebars ask you how
m ight expand on the new  skills you are learning or add new  features to your projects. The
D igging into the C ode sidebars go deeper into the program m ing concepts used in A rduino
program m ing.

W hen you are follow ing the instructions in the book, you should type in the code exactly
as you see it‍ every ; is very im portant! H ow ever, the spaces betw een w ords don‒t m atter.
Spaces are used to m ake the code easier to read, but it doesn‒t m atter to the A rduino.

For exam ple, both of the follow ing lines m ean the sam e thing:

if(i<4)

if ( i < 4)

Your sketch could be w ritten as a single very long line of text and it w ould still run on the
A rduino! B ut it w ould be very difficult for another program m er to understand w hat is



happening. A dding spaces and notes to explain w hat is happening in the code is the best
w ay to program .

Som etim es a line of code is too long to fit on one line of this book. If you see the sym bol 
 at the end of a line of code, that m eans that line and the next line should be typed as a

single line of code in your A rduino softw are.

For exam ple, the follow ing line should be typed on one line, not tw o:

Serial.println( "Hello, from the setup() function in 

your Arduino Uno!" );

To help you keep track of the new  coding concepts you learn, there is a Q uick R eference
Table at the end of each adventure, w hich lists any new  functions, data types or other
program m ing com m ands that have been introduced in that adventure.

W hen you com plete an adventure, you unlock an achievem ent and collect a new  badge.
You can collect badges to represent these achievem ents from  the Adventures in Arduino
w ebsite (www.wiley.com/go/adventuresinarduino ).



T he C om panion W ebsite
Throughout the book, you‒ll find references to the Adventures in Arduino com panion
w ebsite, www.wiley.com/go/adventuresinarduino. H ere, you‒ll find tutorial videos to
help you through the physical m aking of your projects along w ith the code used. It can be
very frustrating to track dow n a m istake after you‒ve typed in code from  a book by hand.
The im portant thing is understanding w hat the code is doing and not just how  to type it all
out yourself (or at least not w hen you are first starting out)!



R eaching O ut
You‒ll find a lot of tips in A ppendix A  about w here to go for help but the first place you
should alw ays look is the A rduino w ebsite (www.arduino.cc ). It has lots of useful
inform ation in the Learning section, and you can alw ays ask questions in the Forum .

You can also contact m e by sending m e a m essage through the w ebsite
www.adventuresinarduinobook.com.

Tim e to start your adventures!



Y O U  W ILL SO O N  be creating exciting projects that bridge the physical and digital
w orlds! You‒ll learn how  to w rite code that triggers sound, controls m otors and flashes
lights. The A rduino is the perfect tool for com bining circuits and code!

You w ill use the sam e three steps for each project you build w ith your A rduino:

1. W rite the code that tells the A rduino U no w hat to do on your com puter using the
A rduino softw are.

2. C onnect your A rduino U no to your com puter, and upload your code onto the board.
3. B uild and connect your circuit to your A rduino U no.

B ut first things first. B efore you can do anything else, you need to dow nload and install
the A rduino softw are and set up your com puter to program  your A rduino U no. That‒s
w hat you w ill be doing in your first adventure. Then, w hen you‒ve got everything w orking
as it should, you‒re going to start your first A rduino project‍ controlling w hen a light
turns on and off.



W hat You N eed
To get started, you need the follow ing things. Figure 1-1 show s the electronic com ponents
you w ill need.

A  com puter
A n A rduino U no
A  U SB  cable
A n Internet connection so you can dow nload the A rduino softw are

FIG U R E  1-1 A n A rduino U no and U SB  cable



D ow nloading and Installing the A rduino Softw are
on Your C om puter
In order to run A rduino program s, in addition to an A rduino U no you need a com puter and
som e special softw are to m ake the A rduino w ork. You w ill be w riting the code that runs
on the A rduino U no on another com puter first, and w ill then upload it to the board.
Sounds com plicated, doesn‒t it? D on‒t w orry; you‒ll be guided through the process step by
step. A nd it‒s not as difficult as it sounds.

You‒re going to use a piece of softw are to w rite the code and then upload it. This piece of
softw are is called the A rduino environm ent, or integrated developm ent environm ent
(ID E ). It is available for free from  the A rduino w ebsite at
http://arduino.cc/en/Main/Software (see Figure 1-2).

FIG U R E  1-2 You can dow nload the A rduino ID E for your com puter from  the A rduino
w ebsite.

 A n integrated developm ent environm ent (ID E ) is a softw are application that is used to w rite
com puter code in a particular language; it‒s also referred to as a program m ing environm ent. The
application can create and edit code, as w ell as run (or execute) the code. M any ID Es also provide
features to help program m ers debug their program s‍ in other w ords, check their program s for errors.

You are now  going to dow nload and install the latest version of the A rduino softw are
designed for your particular com puter‒s operating system , using the steps outlined here.
W hen this book w as w ritten, 1.0.6 w as the current version of the softw are. You can see
w hat the current version is by visiting http://arduino.cc/en/Main/Software. You can



find the current version tow ards the top of the page. A fter you have installed the softw are,
you can see w hat version you are using by reading the title bar of the w indow  that appears
w hen you launch the A rduino ID E.

The softw are can run on W indow s, M ac or Linux com puters, but depending on your
com puter‒s operating system  (O S), you m ay need to install both the ID E and another piece
of softw are, called a driver. This adventure describes w hat you need to do, but you can
also visit http://arduino.cc/en/Guide/HomePage, w hich has lots of guidance on how  to
get the softw are installed.

 H ave your A rduino U no and U SB  cable to hand as you install the softw are, because you m ight need
them  for som e of the installation steps, depending on your com puter‒s operating system .

 A  driver is a piece of softw are that lets your com puter com m unicate w ith an external device, such as a
printer or a keyboard.



Installing A rduino Softw are on a M ac
It is quite sim ple to install the softw are on a M ac. You don‒t need to install a driver, only
the A rduino ID E. Just follow  these steps:

1. In your Internet brow ser, open the A rduino dow nload page at
http://arduino.cc/en/Main/Software.

2. Select the Mac OS X zip file from  the list of current A rduino dow nloads.
3. Find the file called arduino-1.0.6-macosx.zip and unzip it by double-clicking it.

N ow  m ove the Arduino.app file into your A pplications folder.
4. A fter you‒ve installed the softw are, plug one end of your U SB  cable into your

A rduino board (show n in Figure 1-3) and the other end into your com puter. A
m essage about a new  netw ork device m ay appear on screen. If that happens, you can
just cancel or close the m essage w indow .

FIG U R E  1-3 Plug the U SB  cable into the A rduino U no and then connect it to your
com puter.

 If you have any problem s, visit http://arduino.cc/en/Guide/MacOSX for m ore help.

 To see a video of how  to install the A rduino ID E on a com puter running M ac O S X , visit the com panion



site at www.wiley.com/go/adventuresinarduino.



Installing A rduino Softw are on a W indow s PC
You need to follow  a num ber of steps to install the A rduino softw are on W indow s 7, V ista
and X P (see the Tips and Tricks box for W indow s 8). You w ill be installing tw o things: the
softw are and the driver.

1. In your Internet brow ser, open the A rduino dow nload page at
http://arduino.cc/en/Main/Software.

2. Start by dow nloading the file called Windows ZIP file.
3. Find the dow nloaded zip file and unzip it to the Program Files folder. It should

contain m ultiple folders and files, including a folder called drivers and a file called
arduino.exe. If you w ould like, you can right-click arduino.exe and create a
shortcut to place on your D esktop.

4. Plug one end of the U SB  cable into your A rduino board and the other end into your
com puter as show n in Figure 1-3. You should see lights illum inate on your A rduino
U no. This just m eans it has pow er.

5. Your com puter w ill now  start to look for a driver to use w ith the A rduino board. Your
com puter m ay find the driver on its ow n, but, depending on the version of W indow s
your com puter is running, you m ay need to follow  different steps to finish installing
the driver. You m ay need to know  an adm inistrator passw ord for the com puter and
m ight need som e help w ith som eone w ith m ore com puter experience. You can alw ays
visit http://arduino.cc/en/Guide/Windows for m ore detailed instructions.

6. C lick the Start m enu and open the C ontrol Panel.
7. W hile in the C ontrol Panel, navigate to System  and Security. C lick System , and w hen

the System  w indow  appears, open the D evice M anager.
8. Inside the D evice M anager look under Ports (C O M  &  LPT). You should see a port

nam ed Arduino UNO (COMxx). If you don‒t see a C O M  &  LPT section, look under
O ther D evices for Unknown Device.

9. R ight-click A rduino U N O  (C O M xx) port and choose the U pdate D river Softw are
option.

10. If you are running W indow s X P or the H ardw are U pdate W izard appears, go to
http://arduino.cc/en/Guide/UnoDriversWindowsXP and follow  the screenshots to
install the drivers located in the folder you dow nloaded and unzipped.

11. If the H ardw are U pdate W izard doesn‒t appear and instead you see a w indow  w ith
the options Search A utom atically for U pdated D river Softw are and B row se M y
C om puter for D river Softw are appears, click B row se M y C om puter for D river
Softw are.

12. N avigate to the folder you dow nloaded and unzipped. G o to the folder inside it called
drivers and select arduino.inf.

W ow , that w as com plicated. Luckily, you don‒t have to do that again. You only need to do
it once. The steps m ight change w hen new  versions of the A rduino ID E are released or if



there are updates to your operating system . You can alw ays go to the A rduino forum  board
for installation problem s at http://forum.arduino.cc/index.php?board=2.0. You can
look over the questions asked by others and even ask your ow n if you can‒t find a question
sim ilar to the problem s you are having.

 If you run into any problem s, first visit http://arduino.cc/en/Guide/Windows for m ore help.

You can also visit https://learn.adafruit.com/lesson-0-getting-started/installing-arduino-windows,
www.dummies.com/how-to/content/how-to-install-arduino-for-windows.html, or
https://learn.sparkfun.com/tutorials/installing-arduino-ide/windows for even m ore tips including extra
guidance for installing on W indow s 8.

If your com puter runs W indow s X P, you can follow  along w ith the screenshots at
http://arduino.cc/en/Guide/UnoDriversWindowsXP to install the drivers.



Installing A rduino Softw are on a L inux M achine
If your com puter runs Linux (if you are using a R aspberry Pi, for exam ple), you should
first visit the online docum entation for Linux and A rduino at
http://playground.arduino.cc/Learning/Linux. There are m any different types of
Linux, so I haven‒t listed them  all here, and if your com puter runs a Linux distribution,
you likely already know  how  to install new  softw are. It is probably easiest to install the
A rduino environm ent by using a package m anager. H ere‒s how  to do the installation on a
D ebian variant of Linux, such as R aspbian on R aspberry Pi. O n a com m and line, enter the
follow ing com m and:
sudo apt-get install arduino

This com m and dow nloads and installs the softw are. A lternatively, you can dow nload the
32- and 64-bit applications directly from  the A rduino dow nload page at
http://arduino.cc/en/Main/Software. You don‒t even need to w orry about com piling
source code, but don‒t forget to read the guidelines for your distribution at
http://playground.arduino.cc/Learning/Linux.

 If you are using a R aspberry Pi or other Linux-based system , I am  assum ing that you know  how  to use
the com m and-line interface to install softw are for w hatever version of Linux you are running. If you
need m ore inform ation or a refresher on using the R aspberry Pi, check out Adventures in Raspberry Pi
by C arrie A nne Philbin (John W iley &  Sons, Inc., 2014).



E xploring the A rduino ID E
W ell done! N ow  that you have the softw are installed, you‒re ready to start using the
A rduino ID E! It‒s tim e to launch the softw are. If your com puter is a M ac, go to
A pplications and double-click A rduino. If your com puter is running W indow s, either
double-click the shortcut on the D esktop (if you m ade one as described earlier in the
adventure), or go to the folder you dow nloaded earlier and double-click the A rduino
application. If your com puter is running Linux, start the A rduino ID E either from  the
com m and line or by double-clicking the program  icon. The A rduino program  icon (see
Figure 1-4) looks the sam e on M ac, W indow s and Linux.

FIG U R E  1-4 The A rduino program  icon

W hen the A rduino ID E has finished starting, a w indow  sim ilar to the one show n in Figure
1-5 w ill appear.



FIG U R E  1-5 The im portant parts of the A rduino ID E

First, you‒re going to find out about som e of the basic functions of the A rduino ID E.
There are six buttons at the top of the A rduino w indow  (see Figure 1-5), and m ost of them
are easy to figure out. The m iddle three buttons are N ew , O pen and Save. C licking the
N ew  button (surprise!) starts a new  A rduino file, the O pen button opens an existing
A rduino file, and the Save button saves the current the file. You‒ll notice there‒s a button
on its ow n on the far right‍ you w ill be finding out about this in A dventure 2. That just
leaves the tw o buttons on the left.

The button that looks like a tick is the Verify button. W hen you click this button, the
A rduino com piles the code; in other w ords, it takes the code you have given it and
translates it into som ething the A rduino board can understand. There is a second thing this
button does. If there are parts of the code that A rduino‒s com piler doesn‒t understand‍
perhaps a sem icolon w as m issed out or a typo w as m ade w hen the code w as typed‍ it
prints out the error at the bottom  of the A rduino ID E w indow . It tries to be helpful w ith
w hat it prints, but som etim es it doesn‒t m ake sense! Later this adventure goes over som e
of the com m on error m essages and w hat they m ight m ean.

 C om piling code is the process of taking code w ritten by a hum an and turning it into instructions that
can be understood by a m achine.

D on‒t w orry too m uch about how  this happens yet. A ll you need to know  for now  is that
the Verify button is used to turn your code into som ething the A rduino can understand,
and determ ine that the code is free from  sim ple errors. A fter you have done that, you click
the final button, w hich is the U pload button. This com piles and uploads the code to the
A rduino U no. This is the button you w ill probably use m ost, as it puts your code onto the
A rduino U no. The Verify button can be useful if you are w riting code and don‒t have your
A rduino U no nearby because it m eans you can at least check if you have any sim ple errors
in your code, although you w on‒t know  if your code com pletely w orks until you can
upload it onto a board.



U sing B link to Test T hat E verything Is Set U p
C orrectly
You can w rite com puter code for a device like a laptop or R aspberry Pi and then run it on
the sam e com puter you‒ve w ritten it on. W ith A rduino, it‒s a bit different because an
A rduino board can‒t program  itself, so you have to w rite the A rduino code on a com puter
that can run the A rduino ID E. The ID E then takes the code that hum ans can w rite and read
and translates (or com piles) it, turning it into code that the A rduino board understands.
The ID E then copies and uploads the com piled code onto the A rduino board.

Softw are developers use basic program s to test that their com puter is w orking as they
w ould expect. These are called H ello W orld program s.

A  H ello W orld program  is very sim ple. If you w ere learning a new  program m ing language,
you w ould w rite a program  that w ould just print the phrase ―H ello w orld‖ to the screen,
w hich w ould show  you that everything w as set up properly. B ut w ait‍ the A rduino
doesn‒t have a screen! A fter you load the code on the A rduino from  your com puter, it
doesn‒t talk to the com puter anym ore; all the U SB  cable does is provide the A rduino w ith
pow er (though you find out in the next adventure how  to send m essages to the com puter
through the U SB  cable).

W hat the A rduino board can do is blink a light. It even has one built into the board for
exactly this purpose. There‒s a tiny yellow  or orange light-em itting diode (L E D ) near the
num ber 13 on the board (see Figure 1-6). This LED  is useful because you can program  it
to turn on and off in order to quickly check that the A rduino board is w orking. You don‒t
need anything besides your com puter, a U SB  cable and your A rduino board.



FIG U R E  1-6 The built-in LED  on the A rduino board is near the num ber 13.

The A rduino ID E com es w ith som e exam ple code to help get you started. O ne of these
exam ples is the B link program , or sketch, w hich is used as the H ello W orld program  for
A rduino. You‒re now  going to use that to check everything is w orking as it should.

 A n L E D , or light-em itting diode, is an electrical com ponent that lights up w hen electrical current flow s
through it. A  diode only lets electricity flow  in one direction, so an LED  lights up only w hen the long leg
is connected to the positive side of a pow er source and the short leg is connected to the negative side. If
they are sw itched, the LED  w on‒t light up.

 A rduino program s are often referred to as sketches, like quick draw ings artists m ake.



U ploading B link
To test that your A rduino U no can receive m essages and new  program s from  the com puter
w ithout any problem s, you need to com pile and upload the B link sketch. Select File ▓  
Exam ples ▓  01.B asics ▓  B link (see Figure 1-7) to open a new  w indow  w ith the B link
sketch.

FIG U R E  1-7 O pening the B link sketch, w hich is located in the exam ples that are included
w ith the A rduino ID E

B efore you upload your code, you first need to check tw o settings: the board and the port.
You need to m ake sure these settings are correct each tim e you launch the ID E. A fter you
have set them , you don‒t need to change them  again until you quit and start the ID E again
at a later tim e. To find the board, select Tools ▓  B oards (see Figure 1-8). You should see a
list of all the different A rduino boards. M ake sure you select the board you are using.
(This w ill be an U no, but if you‒re not sure, it is w ritten on the board itself.)



FIG U R E  1-8 Selecting the board you are using

You‒ll find the port under Tools ▓  Serial Port (see Figure 1-9). Select the port you are
using, the sam e w ay you found the board. M ake sure you have plugged your board into
your com puter w ith the U SB  cable, or the port w on‒t appear on the list.

FIG U R E  1-9 Selecting the port your A rduino board is plugged into



 It m ay not be obvious w hich port you should select if there is m ore than one listed. You can try looking
at the list w hen the A rduino board is not plugged in, then plugging in the board and looking again. If one
appeared that w asn‒t there before, that is probably w hat you should select.

If you are using a M ac, look for the port that starts w ith /dev/tty.usbmodem. O n a
W indow s com puter, the port is just listed as a COM port. In Linux, the port starts w ith
/dev/ttyACM. It w on‒t hurt anything if you don‒t select the right port, so if you‒re not sure,
just select a port and click the U pload button. If you get an error m essage, try selecting the
next port in the list, and continue dow n the list until you find the port that your A rduino
board is on.

 R em em ber that you need to plug your U SB  cable connected to your A rduino board into your com puter.
Your port w on‒t show  up in your list of port options if the board isn‒t connected to the com puter!

A fter you have selected your board and port, you are ready to upload your code‍ this is
the B link sketch you have already opened. To do this, sim ply click the U pload button. If
you have forgotten to select the port, a m essage m ay pop up asking you to select one.

If you have everything set up correctly, you w ill see a m essage tow ards the bottom  of the
A rduino ID E w indow  that says C om piling Sketch and then U ploading. If the sketch has
been uploaded w ithout any problem s, you w ill see a D one U ploading m essage as show n in
Figure 1-10.

FIG U R E  1-10 M essage in the A rduino ID E after successfully uploading your code

Look at the LED  next to the num ber 13 on your board. Is it flashing on for one second
then turning off for one second? If so, success! W ell done. If not, or if any orange text has
appeared at the bottom  of your A rduino ID E, the next section w ill help you troubleshoot
w hat m ight be going w rong.

You w ill be soon m aking changes to your B link sketch and even w riting new  sketches of
your ow n. It‒s im portant to rem em ber that the code you w rite in the ID E has to be
uploaded to the A rduino U no. Every tim e you m ake a change to the code, upload it again
to your board!



Troubleshooting C om m on Problem s
W hen som ething goes w rong w hen you‒re trying to upload code to an A rduino board, a
m essage from  som ething called avrdude m ight be printed at the bottom  of the A rduino
ID E (such as the one show n in Figure 1-11).

FIG U R E  1-11 A  com m on error w hen the com puter can‒t talk w ith the A rduino

The A rduino board is built around a m icrocontroller (com puter) chip m ade by a com pany
called A tm el. This chip is a type of m icrocontroller called an AV R  and the program  that
the A rduino ID E uses to talk to the A rduino board is called avrdude. So w hen you get
m essages from  avrdude, it m eans som ething has gone w rong w ith the com m unication
betw een the board and the com puter. U sually it‒s that the com puter is trying to use
avrdude to send a new  sketch to the A rduino U no, but the com puter can‒t find it. Problem s
could be caused by selecting the w rong port, but if you have tried all the ports there m ay
be som ething else going w rong.

The easiest thing to try w hen you get an error from  avrdude is to unplug the A rduino
board from  the U SB  cable (this rem oves the pow er and turns it off). Then plug it back in
again. If you still have problem s, try unplugging the A rduino board and then quitting the
A rduino ID E like you w ould any other application. Launch the ID E again and connect the
A rduino U no once m ore to see if you can upload a new  sketch.

If you‒ve done all that and you still can‒t upload sketches to the A rduino board, try going
through the installation process for the ID E and drivers again.

 The A rduino w ebsite (http://arduino.cc) is a great resource w ith lots of tutorials. It also hosts a
forum  w here you can post questions. You w ill m ost likely find questions posted by other people w ho are
having the sam e problem  as you.



D IG G IN G  IN TO  T H E  C O D E

 H opefully you now  have your code uploaded and running on your A rduino U no. B ut w hat is the code
actually doing? You know  that the A rduino U no is turning on and off the LED  next to 13, but how  does it
know  to do that?

A  great w ay to start learning about code is by reading it before you w rite it. A fter all, you didn‒t learn how  to w rite in
school before you learned how  to read! You can use the B link as an introduction to code. D on‒t w orry about
understanding all the details right aw ay‍ it‒s a lot to learn. You w ill be show n a bunch of new  term s, but you don‒t
need to rem em ber w hat they all m ean right aw ay. You w ill get to spend m ore tim e understanding them  in the other
chapters.

If you look again at the B link sketch on the screen, you‒ll see that the first section is all in grey. The A rduino ID E
helps you understand w hat is happening in the code by changing the colour of the code according to w hat it does. The
text that turns grey is called a com m ent. C om m ents are notes to the program m er to help explain w hat is happening in
the code. The long com m ent at the top of the sketch explains w hat the sketch does:

 C om m ents are notes w ithin your code that explain w hat a line or section of code is intended to do.
Each com m ent line begins w ith // or, if you w ant to w rite a com m ent that spans m ultiple lines, is
betw een /* and */. These special characters tell the com puter running the program  to ignore that
line or lines.

  /*

    Blink

    Turns on an LED on for one second, then off for one second,

repeatedly.

    Most Arduinos have an on-board LED you can control. On the Uno and

    Leonardo, it is attached to digital pin 13. If you re unsure what

    pin the on-board LED is connected to on your Arduino model, check

    the documentation at http://arduino.cc

    This example code is in the public domain.

    modified 8 May 2014

    by Scott Fitzgerald

  */

The rest of the lines that don‒t start w ith // are lines of code that the com puter w ill execute. The lines starting w ith //
are ignored by the com puter and are notes to explain w hat the code is doing.

Every A rduino sketch has to have tw o functions: setup() and loop(). A  function is a set of lines of code that have a
nam e. The next section of code is the setup() function, w hich runs only once and is for tasks that need to happen only
w hen the A rduino is first turned on. W henever your A rduino U no first starts up, it looks for the section of the sketch
that is the setup() function, and it runs that section first. continued continued

 A  function is a set of lines of code that have a nam e. A  function can be used over and over again. It
m ay take som e inform ation as an input and output m ore inform ation w hen it is finished, but not all
functions need to do that.



    // the setup function runs once when you press reset or power @@ta

    the board

    void setup() {

      // initialize digital pin 13 as an output.

      pinMode(13, OUTPUT);

    }

A s you can see, there is only one instruction inside the setup() function‍ the function pinMode(). Every pin on the
A rduino can read in inform ation or output inform ation, but it can‒t do both at the sam e tim e. The pinMode() function
sets up w hether the pin inputs or outputs by taking tw o argum ents. The first is the num ber of the pin you‒re using on
the A rduino board. The LED  on the A rduino U no is connected to Pin 13. The second is a special keyw ord, OUTPUT,
w hich tells the A rduino that you w ant to output on Pin 13 and not read in on that pin.

 A n argum ent is a piece of inform ation given to a function, w hich the function then uses to perform  its
task. The argum ent goes inside the brackets that follow  the function nam e. In the follow ing code
snippet, for exam ple, the function delay(1000) has the argum ent 1000, w hich is the num ber of
m illiseconds you w ant the A rduino to w ait before executing the next line.

The rem aining code in the B link sketch is the loop() function. A fter the A rduino U no executes all the code in the
setup() function, it looks for a function called loop(). It then executes all the code in that function. W hen it is done,
it executes all the code in the loop() function again. A nd then again! A nd on and on! The loop() function repeats
forever (or at least until the A rduino U no no longer has pow er).

    // the loop routine runs over and over again forever

    void loop() {

      digitalWrite(led, HIGH);      // turn the LED on 

       (HIGH is the voltage level)

      delay(1000);                  // wait for a second

      digitalWrite(led, LOW);       // turn the LED off 

       by making the voltage LOW

      delay(1000);                  // wait for a second

    }

The first line of code in the loop() function turns on the LED  using the function digitalWrite(). It takes tw o
argum ents: the pin num ber and w hether you are turning the electricity on or off. The argum ent for the pin num ber is
just like w hat you saw  w ith pinMode(). The second argum ent is a keyw ord: HIGH or LOW. HIGH turns on the electricity,
and LOW turns it off.

The last piece of code that you haven‒t looked at is the delay() function. The A rduino board runs this code very fast
‍ m illions of tim es a second. That‒s so fast that you w ouldn‒t be able to see the LED  turn on and off. So you need to
m ake the A rduino pause so that you can see the light blink. The delay function m akes the A rduino w ait for the num ber
of m illiseconds typed as the argum ent. In this exam ple the delay is 1000 m illiseconds, w hich is equal to 1 second.
H ere‒s a review  of w hat the w hole sketch does:

1. The setup function uses the pinMode function to set the pin the LED  is on to be an
output.

2. In the loop() function, the electricity on the LED ‒s pin is turned on.
3. The A rduino is paused for 1000 m illiseconds.
4. The electricity on the LED ‒s pin is turned off.
5. The A rduino is paused for 1000 m illiseconds.
6. The loop() function starts over again.

O ne last detail you m ight have noticed is that code has som e strange punctuation. M ost of the lines end w ith a



sem icolon (;). This is like a full stop at the end of a sentence. A  full stop indicates w hen a sentence is finished‍ it
keeps w riting neat and tidy. A  sem icolon does the sam e thing for a com puter. It helps the com puter separate different
lines of code.

You m ay have also noticed that the code has spaces and indentation. These are like com m ents‍ they m ake the code
easier to understand for the program m er. The com puter just ignores them . The indentation m akes it easier to see w hat
lines of code belong to a function. You m ight have noticed that the lines of code that belong to loop() are all betw een
{ and } and are indented. The { and } tell the com puter that those are the lines that belong to loop(), w hereas the
indentation m akes that m ore visually obvious to reader.

The spaces in betw een parts of code are also only for the program m er; the com puter ignores them . For exam ple,
delay(1000) and delay( 1000 ) are the sam e to the com puter, but the spaces can m ake it a little easier for som e
people to read the code. You can decide how  you prefer to w rite your code in the follow ing chapters!



C H A L L E N G E

 Try changing how  long the LED  turns on and off by changing the argum ents in the delay() functions.
R em em ber you need to upload your code after each tim e you change it in order for the sketch w ith the new
changes to be on the A rduino U no.



B uilding an L E D  C ircuit
N ow  that you have an LED  blinking on the A rduino U no, you are ready to go beyond the
U no‒s board and build your first circuit! You w ill use first becom e fam iliar w ith the tools
you w ill use to build and test new  circuits: circuit schem atics and breadboards. They are
the keys to creating your ow n projects that you can share along w ith being able to build
projects designed by other. In the next chapter you w ill go a step further and build a
housing for your circuit, but it‒s a good idea to first becom e com fortable w ith how  your
code and circuit com e together on the A rduino U no.



W hat You N eed
You need the follow ing things to build your LED  circuit. Figure 1-12 show s the electronic
com ponents you need.

A  com puter
A n A rduino U no
A  U SB  cable
A  breadboard
1 220Φ  resistor
1 LED
2 jum per w ires

FIG U R E  1-12 The electronic com ponents you need to build the circuit



U nderstanding C ircuit Schem atics
Electricity is the flow  of electrical charge. You‒ve seen it in nature through lightning or
static electricity that occurs w hen you w alk across a carpeted floor and then touch a door
handle. You also use circuits every day to control how  electricity is allow ed to flow . You
turn on and off the lights in a room  w ith a light sw itch. You can turn on a TV  and change
the channel. This is all done by using circuits to control electricity. You‒re not ready yet to
build the kind of circuits that are inside a TV, but you can build a circuit that turns on and
off lights!

Even a sim ple circuit can be built in m any different w ays. For exam ple, LED s com e in
different sizes and colours. You could pow er an LED  from  an A rduino U no or w ith a
battery. A  circuit schem atic is sim ply a diagram  show ing the im portant inform ation about
a circuit, using sym bols. Figure 1-13 is a circuit schem atic show ing the circuit that you are
now  going to build. There are three sym bols in the schem atic each representing the
A rduino U no, the resistor (m ore about w hat that is a little later) and the LED  (the
triangular sym bol). You could build the circuit using a large red LED  or a sm all green
LED ; it‒s your choice. The im portant inform ation is that you are connecting that LED  to
an A rduino U no and a resistor.

FIG U R E  1-13 The circuit schem atic for the LED  circuit

Electricity can be described and m easured in different w ays. B ecause it‒s invisible, it can
be hard to im agine how  electricity w orks, so w ater is often used as an analogy. The flow
of electricity in a w ire is like w ater in a pipe. The w ater flow  m oving through the pipe is
sim ilar to the electrical current (m easured in am ps, w hich is abbreviated A ), and the w ater
pressure is like the electrical voltage (m easured in volts, w hich is abbreviated V ). The size



of the pipe in com bination w ith how  m uch w ater is being m oved through it affects the
w ater pressure. A  sm aller pipe creates m ore w ater pressure than a larger pipe w hen the
sam e am ount of w ater is passed through both. The size of the pipe describes the third
property used to describe electricity: resistance (m easured in O hm s represented and
represented w ith the sym bol Φ ).

That m ay seem  com plicated and difficult to understand, but don‒t w orry about grasping all
the details now . B y w orking w ith electricity and building circuits, you‒ll figure out how
voltage, current and resistance are related. B ack to the circuit schem atic!

 The study of electricity and circuits is called circuit theory. If you are interested in learning m ore about
circuit theory, there are great tutorials online to get you started. I really like Sparkfun‒s. They have
anim ations to help illustrate the concepts! Start w ith https://learn.sparkfun.com/tutorials/what-
is-electricity and https://learn.sparkfun.com/tutorials/voltage-current-resistance-and-
ohms-law.

In the schem atic in Figure 1-13, the circuit is connected to Pin 13 and G N D  on the
A rduino. Pin 13 is w here the electricity that lights up the LED  flow s from . G N D  stands
for ground or 0V. W hen you use a battery to pow er a circuit, the battery has tw o term inals:
positive and negative. Electricity flow s from  the positive to the negative. Pin 13 and G N D
on the A rduino U no play the sam e role as the positive and negative term inals of the
battery. Electricity flow s from  Pin 13 to G N D  w hen they are connected in a circuit.

The circuit has tw o com ponents besides the A rduino U no: a resistor and an LED . The pins
on the A rduino U no all output 5V, w hich is too m uch for the LED . R em em ber the w ater
analogy? Think of the LED  like a drinking straw . It‒s not as strong as a pipe, so forcing
too m uch w ater into it can cause the straw  to burst. A  resistor helps to control how  m uch
current can flow  through the LED . In this kind of circuit, the resistor lim its the am ount of
current, so is know n as a current-lim iting resistor.

 A  resistor is an electrical com ponent that resists current in a circuit. For exam ple, LED s can be
dam aged by too m uch current, but if you add a resistor w ith the correct value to the LED  circuit to lim it
the am ount of current, the LED  is protected. R esistance is m easured in O hm s (represented by Φ ). You
need to pick a resistor w ith the correct value to lim it the current through a circuit; the value of a resistor
is show n by coloured bands that are read from  left to right.



U sing a B readboard
A fter you know  w hat circuit you are building, you need to use som ething called a
breadboard to help you build it. A  breadboard is a board w ith row s of holes on it (see
Figure 1-14). If you could peek inside the plastic case of the breadboard, you w ould see
that the holes in each row  touch the sam e piece of m etal. Sticking tw o w ires in the sam e
row  m eans they are touching the sam e piece of m etal, and electricity can flow  betw een
them .

 A  breadboard is a reusable device that allow s you to create circuits w ithout needing to solder all the
com ponents. B readboards have a num ber of holes into w hich you push w ires and com ponents to create
circuits.

FIG U R E  1-14 A  breadboard has a series of holes that are connected in row s w ith tw o
pairs of long row s on the outside and shorter, perpendicular row s in the centre of the
board.

The long row s on the outside edges of the board are w here you can connect 5V  and
ground (G N D  on the A rduino board). Som e boards m ay com e w ith labels like + or - or
colours like red and black or blue. R ed is a colour used to represent the positive voltage,
so w ith the A rduino U no that w ould be 5V. B lack or blue is used to represent ground or
G N D  on the A rduino U no.

You can think of the long row s for 5V  and ground as expansions for the 5V  and G N D  pins
on the A rduino U no. There is only one 5V  pin on the A rduino U no, so w hat if you have
m ore than one com ponent that needs to connect to 5V ? B y using a jum per w ire, you can
connect 5V  to a row  on the breadboard. You then have m any holes w here com ponents can
connect to 5V. It‒s the sam e for ground. There are m ore G N D  pins on the A rduino U no
(there are three, and they all do the sam e thing, so you can use any of them  w henever you
need to connect to ground), but you can also use a jum per w ire to expand the num ber of
ground connections on the breadboard. Figure 1-15 show s how  you can do this.



FIG U R E  1-15 B asic layout of a breadboard

The row s in the m iddle of the breadboard, betw een the long outside row s, are w hat you
use to connect your com ponents to each other. If you could see inside the plastic case of
the breadboard, you w ould see that these row s are perpendicular to the long row s on the
edges. The holes are in groups of five and don‒t connect across the gap in the m iddle of
the breadboard.



B uilding Your First C ircuit
You are now  ready to build your LED  circuit using your 220-O hm  resistor and LED . A n
LED  is directional‍ that m eans you can accidentally put it in a circuit backw ards. If you
look at the LED  closely, you can see that the tw o legs aren‒t the sam e length. The long leg
of the LED  should connect to the positive or 5V  portion of the circuit, and the short leg
should connect to ground. The resistor isn‒t directional, so both legs are the sam e length,
and it doesn‒t m atter w hich leg is connected to w hich part of the circuit.

G o through the follow ing steps to build the circuit in Figure 1-16:

1. C onnect one end of a jum per w ire to one of the G N D  pins on the A rduino and the
other end to a long row  on the breadboard. This is the black w ire in Figure 1-16, but
your jum per w ire can be any colour.

2. Put one leg of the resistor into any of the short row s in the m iddle of the breadboard.
3. Put the other leg into another short row  in the m iddle of the breadboard. It just can‒t

be in the sam e group of five holes as the other leg!
4. Put the long leg of the LED  into a hole in the sam e row  as one of the legs of the

resistor. They are now  touching the sam e piece of m etal inside the breadboard, so
electricity w ill eventually be able to flow  through the resistor and then the breadboard
row  and then the LED .

5. C onnect the short leg of the LED  to the long row  of the breadboard w here the jum per
w ire is connected.

6. U se a second jum per w ire to connect from  Pin 13 to the sam e short row  as the leg of
the resistor that isn‒t connected to the LED .

FIG U R E  1-16 The LED  circuit on the breadboard

 D on‒t ever connect the 5V  and G N D  pins together w ithout a com ponent like a resistor or LED  in
betw een them . This creates a short circuit and can dam age your A rduino U no. If you ever do this by



accident, your com puter w ill probably notice that som ething is w rong on your A rduino U no and w ill cut
off the pow er from  the com puter to the U no. If this happens, just unplug the A rduino U no from  the
com puter and then plug it in again.

Your LED  should now  blink on and off on the breadboard, just like the LED  did on the
A rduino board. C ongratulations! You‒ve built your first A rduino circuit! Your code is
controlling electricity and w hether a light is on or off. This is just the beginning of your
journey to build som e exciting A rduino projects.

 V isit the com panion site at www.wiley.com/go/adventuresinarduino to see a video show ing how  to
build this circuit.



C H A L L E N G E

 C hange the pin num ber that your LED  circuit is connected to. You can use any of the pins from  2 to 13 on
the section of the board labeled D igital, show n in Figure 1-17. The other pins have special functions that you
learn about in the next adventure.

R em em ber, you need to m ake a change in your code (and rem em ber to upload your change to your A rduino board),
and you need to m ake a change to the circuit.

FIG U R E  1-17 The digital pins on the A rduino board. D igital Pins 0 and 1 are special pins
that you learn about later.



Further A dventures w ith A rduino
C ongratulations! You have achieved a lot. It m ight seem  like that w as a lot of w ork just to
get a single light to flash on and off, but it m eans you are ready for all kinds of adventures.

C heck out projects that others have done to get som e inspiration for w hat is possible:

http://makezine.com/category/electronics/arduino/

www.creativeapplications.net/tag/arduino/

A rduino C om m and Q uick R eference Table

C om m and D escription

setup() Function that runs once w hen the A rduino U no first starts. See also http://arduino.cc/en/Reference/Setup.

loop()
Function that is repeatedly run after the setup() is com pleted and until the A rduino is turned off. See also
http://arduino.cc/en/Reference/Loop.

pinMode()
Sets the pin num ber entered as the argum ent to either output electricity or read it in. See also
http://arduino.cc/en/Reference/PinMode.

OUTPUT
K eyw ord set in second argum ent of pinMode() that says the pin w ill output electricity. See also
http://arduino.cc/en/Reference/Constants.

digitalWrite() Turns on or off the electricity at the specified pin. See also http://arduino.cc/en/Reference/DigitalWrite.

HIGH
K eyw ord used to turn on the electricity in digitalWrite(). See also
http://arduino.cc/en/Reference/Constants.

LOW
K eyw ord sued to turn off the electricity in digitalWrite(). See also
http://arduino.cc/en/Reference/Constants.

delay()
Pauses the A rduino U no for a specified num ber of m illiseconds. See also
http://arduino.cc/en/Reference/Delay.

A chievem ent U nlocked: You are m aking all the right connections and shining bright!



In the N ext A dventure
In the next adventure, you start adding interactivity to your A rduino code and control LED s using a dial!



Y O U  N O W  H AV E the A rduino softw are installed and have uploaded your first sketch to
m ake sure everything is set up correctly. (If you haven‒t done that, it w ould be best to go
to A dventure 1 and do that now !) It‒s great telling the A rduino to control som ething like
flashing lights, but the real fun w ith A rduino starts w hen your projects becom e interactive.
There are a couple things that need to happen before a project can becom e interactive: first
the A rduino needs to know  som ething about w hat is happening in the real w orld; then the
A rduino code needs to do som ething based on that inform ation.

You‒re going to travel a long w ay in this adventure! You start by controlling m ultiple
LED s and then you print som e m essages from  the A rduino to the com puter. A fter that, you
read in inform ation from  a sensor and print that inform ation to the com puter. Finally, you
put all of that know ledge together to build a terrific status m essage sign, w hich w ill have
m ultiple m essages and a control knob you can turn to choose w hat m essage you w ant to
display‍ perfect for w elcom ing or sending aw ay visitors at your w him .



W hat You N eed
You first find out how  to add m ore LED s to your circuit and then how  to use a sensor
called a potentiom eter. The follow ing list tells you w hat you need, and Figure 2-1 show s
the electronic com ponents. R em em ber, A ppendix B  includes suggestions of w here you
can buy everything.

A  com puter
A n A rduino U no
A  U SB  cable
A  breadboard
3 LED s (1 green, 1 yellow , 1 red)
3 220Φ  resistors
1 10kΦ  potentiom eter
4 jum per w ires

FIG U R E  2-1 The electronic com ponents you need for the first part of this adventure



A dding M ore L E D s
In C hapter 1, you built a circuit on a breadboard so that the A rduino controlled a single
LED . O ne LED  is great, but m ore LED s are even better! So w hat do you need to do to add
m ore LED s?

The first thing you need is m ore LED s‍ this adventure uses three. You also need three
220Φ  resistors, as each LED  needs its ow n current-lim iting resistor. R esistors help control
the flow  of electricity in a circuit. In this circuit, the resistors protect the LED s from
becom ing dam aged from  too m uch current. You can read m ore about current and resistors
in A dventure 1.

Start by building the circuit show n in Figure 2-2:

1. Put one leg of one of the resistors in a short row  on the top half of the breadboard
tow ards the left side of the board. Put the other leg of the resistor in the short row
across the gap in the m iddle of the breadboard directly below  w here you‒ve inserted
the first resistor leg. The row s of the breadboard aren‒t connected across the gap, so
each resistor leg is in its ow n row ; they aren‒t touching the sam e piece of m etal inside
the breadboard.

2. R epeat w ith the second and third resistors. Place one resistor in the centre of the
breadboard and the other tow ards the right side of the breadboard. Each resistor
should reach across the gap in the m iddle of the board and have one leg in a short
row  above the gap and the other in a short row  below  the gap.

3. N ow  add the LED s. The long leg of each LED  connects to the resistor and the short
leg connects to ground. Insert the long leg of each LED  into the sam e short row  as
each resistor. It should be placed just below  the resistor. Place the green LED  on the
left side of the breadboard, the yellow  in the m iddle and the red on the right side.

4. Insert the short leg of each LED  into one of the long row s running the entire length of
the breadboard at the very bottom . If your breadboard is labelled w ith a blue or black
line or a -, insert the three short legs into that row . If your breadboard isn‒t labelled
then you can use either row ‍ just m ake sure all three of the legs are in the sam e row .

5. Your circuit is now  built on your breadboard. A ll that is left is to connect it to your
A rduino U no. U se one jum per w ire to connect from  a G N D  pin (there are three of
them  on the A rduino U no and you can use w hichever you w ould like, they are all the
sam e) to the long row  on the breadboard w here your three short LED  legs are
inserted.

6. U sing three m ore jum per w ires, connect one w ire from  Pin 5 on the A rduino U no
(not A 5, but the 5 in the section labelled D igital) to the top of the resistor on the left
side of the breadboard connected to the green LED . U se a second jum per w ire to
connect Pin 6 to the m iddle resistor connected to the yellow  LED , and a third jum per
w ire to connect from  Pin 7 to the last resistor connected to the red LED .



FIG U R E  2-2 B uilding a circuit to control three LED s

Finished? N ow  you‒re ready to w rite the code. It‒s going to look a lot like the B link sketch
described in A dventure 1. You use code to control w hen an LED  turns on and off. The big
difference is that you start using variables to keep track of the LED s, and you need to
control three LED s instead of only one. You read m ore about variables in the next section.

First, launch the A rduino ID E. It opens a new  sketch w indow  w hen the program  starts.
You can also go to File▓ N ew  or click the N ew  button to create a new  em pty sketch. Type
in the follow ing sketch exactly as it is w ritten. The spaces and indentation aren‒t
im portant; they just m ake the code easier to read. H ow ever, don‒t accidentally leave off a
; or your code w on‒t run! D on‒t forget to save it by going to File▓ Save or clicking the
Save button.
// Pins

int greenLED = 5;

int yellowLED = 6;

int redLED = 7;

void setup() { 

  // set to output to LED pins 

  pinMode(greenLED, OUTPUT); 

  pinMode(yellowLED, OUTPUT); 

  pinMode(redLED, OUTPUT);

}

void loop() {

  // turn on all LEDs 

  digitalWrite(greenLED, HIGH); 

  digitalWrite(yellowLED, HIGH); 

  digitalWrite(redLED, HIGH); 

  // wait 1 second 

  delay(1000);



  // turn off all LEDs 

  digitalWrite(greenLED, LOW); 

  digitalWrite(yellowLED, LOW); 

  digitalWrite(redLED, LOW); 

  //wait 1 second 

  delay(1000);

}

 Typing the sketches by hand is a good w ay to becom e m ore com fortable w ith all the new  coding term s
you are learning, but it can be frustrating if it‒s a really long sketch or you‒ve m ade a typo that you can‒t
find. For those cases, all the sketches are available to dow nload from  com panion site
www.wiley.com/go/adventuresinarduino.

A fter you have finished typing out the sketch and have saved it, you are ready to upload it
to your A rduino U no. Select the board and port from  the m enus (you can review  how  to
do this in A dventure 1). C lick the U pload button and w atch for m essages to appear at the
bottom  of the w indow  of the A rduino ID E.

If there aren‒t any errors, your three LED s should start flashing on and off! That‒s so m uch
m ore exciting than blinking just one LED .

If you see any errors that say ―Expected initializer before 'void'‖ or ―expected ';'“ ‖ then
you probably have a typo. Look carefully over your code and m ake sure it m atches w hat
you are supposed to type in. If there are any errors from  avrdude, check that your A rduino
U no is plugged into your com puter and that you‒ve chosen the correct options from  the
B oard and Port m enus. If you still have problem s, go back through A dventure 1 to m ake
sure your softw are is installed correctly.



D IG G IN G  IN TO  T H E  C O D E

 N ow  that you have seen w hat the code does, it‒s tim e to figure out how  it‒s doing that! The sketch can be
broken up into three sections: the lines before the functions; the setup() function; and the loop() function.

First, the lines of code before the functions.

// Pins

int greenLED = 5;

int yellowLED = 6;

int redLED = 7;

The first line beginning w ith // is a com m ent explaining w hat the follow ing lines m ean. The next three lines are
variables assigned the pin num bers for each of the LED s. A  variable is like giving som ething in code a nam e. H ere
it‒s giving a nam e to the pin num bers to m ake it easier to rem em ber w hich LED  is connected to each pin. The nam e
greenLED is m uch m ore obvious that the num ber 5, isn‒t it?

 A  variable is a code construct that holds a value that can be changed. For exam ple, the variable
greenLED stores the num ber 5.

In front of each of the variable nam es is int. This is describing w hat kind of data can be stored in the variable. int is
short for integer, so the variables can store only w hole num bers.

A lthough giving som ething a nam e is convenient, variables becom e really pow erful w hen the variable changes its
value but keeps the sam e nam e. That feature of variables isn‒t being used here, but it is in the next section.

 There a few  rules to keep in m ind w hen creating new  variable nam es. The first is that they can‒t have
spaces in them , but you can use underscores (greenLED and green_LED are fine, but green LED is not).
You also can‒t start the nam e w ith anything besides a letter (led3 is fine, 3led is not). Lastly, it‒s not a
requirem ent, but variables usually start w ith a low ercase letter (greenLED rather than GreenLED).

The next part of the sketch is the setup() function. This function is w hat the A rduino U no runs right w hen it starts up.
It is only run that one tim e, so this function is for com m ands that need to be done only once. The m ost com m on thing
done in the setup() is to set the pinMode() of pins being used. The pinMode() determ ines w hether the pin w ill output
electricity to control a com ponent like an LED  or it w ill read in a signal from  a sensor.

This circuit doesn‒t have any sensors‍ only LED s‍ so the pinMode() is set to OUTPUT for each of the pins. B ecause
variables are being used to represent the pin num bers, their nam es (greenLED, yellowLED and redLED) can be typed
instead of 5, 6 and 7.

void setup() { 

  // set to output to LED pins 

  pinMode(greenLED, OUTPUT); 

  pinMode(yellowLED, OUTPUT); 

  pinMode(redLED, OUTPUT);

}

The final section of code is the loop() function. This function is executed repeatedly until the A rduino U no‒s pow er is
rem oved.

The loop() function uses only tw o other functions: digitalWrite() and delay(). The digitalWrite() function
turns on or off an LED . The first argum ent determ ines w hich LED  is being talked about, and the second argum ent



determ ines w hat is to be done‍ either turn on the LED  if the argum ent is HIGH or turn it off if the argum ent is LOW.

To sum m arise w hat the loop() does, it turns on each LED , then w aits for 1 second so you can see them  on, then it
turns off each LED  and w aits for 1 second so you can see that they are off.

void loop() { 

  // turn on all LEDs 

  digitalWrite(greenLED, HIGH); 

  digitalWrite(yellowLED, HIGH); 

  digitalWrite(redLED, HIGH);

  // wait 1 second 

  delay(1000); 

  

  // turn off all LEDs 

  digitalWrite(greenLED, LOW); 

  digitalWrite(yellowLED, LOW); 

  digitalWrite(redLED, LOW); 

  

  //wait 1 second 

  delay(1000);

}



C H A L L E N G E

 N ow  you have three LED s that all blink together, m ake them  light up in a sequence one by one. You w on‒t
need to change the circuit; you change only the code. R em em ber to upload your changes in your code to the
A rduino U no.

A  few  hints:

You don‒t have to w rite m ore digitalWrite() functions; you only need to m ove
around the ones already w ritten.
You need to add m ore delay() functions.



Printing M essages to the C om puter
A fter you upload code onto the A rduino U no, the board doesn‒t talk to the com puter. In
fact, it doesn‒t need the com puter at all. The only thing that‒s happening here is that the
A rduino U no is getting its pow er from  the com puter, via the U SB  cable plugged into the
com puter. You could even unplug it from  the com puter and use a battery. (You can find
inform ation about pow ering the board w ith a battery in A dventure 5.) B ut your com puter
can still be useful after you have uploaded your sketch onto the A rduino U no. For
exam ple, the A rduino U no doesn‒t have a screen, but the com puter does. So if you are
debugging your code, or just w ant to read m essages to know  w hat the board is doing, the
com puter and U SB  cable can be a pow erful tool.

 D ebugging is the w here you locate the cause of any errors in your com puter program  code and fix
them .

The A rduino U no can talk w ith the com puter using serial com m unication over the U SB
cable. This just m eans that one bit of data is sent at a tim e. You can think of it as one letter
of a w ord being sent at a tim e, eventually to spell out a w hole w ord. To send data from  the
A rduino to the com puter, there are just three functions you need to know  about.

 Serial com m unication is one w ay that tw o devices, like a com puter and an A rduino board, can send
and receive data to each other. O ne piece of data is sent at a tim e.

The first function is one that you only need to call once in the setup() function:
Serial.begin(9600);

This function takes only one argum ent: the speed at w hich the A rduino U no is sending out
and receiving data. It‒s im portant that this num ber is the sam e as the speed that the
com puter is sending and receiving data (you find out how  to check that later). If the
com puter and A rduino U no are sending and receiving data at different speeds, they w on‒t
be able to understand each other. U nless you are explicitly told to use a different num ber,
9600 is a good num ber to use.

 R em em ber that you can alw ays look up term s in the glossary at the back of the book.

The other tw o functions are:
Serial.print("Your message goes here");

Serial.println("Your message goes here");

These are the functions that send m essages from  the A rduino board to the com puter. The



first one, Serial.print(), doesn‒t send a new line character at the end of the m essage; in
other w ords, the cursor isn‒t m oved dow n to the next line at the end of the m essage. The
function Serial.println() does include a new line; you can im agine this as a m essage
w ith an Enter at the end of it.

 A  new line character is like pressing the Enter or R eturn key on your keyboard.

The best w ay to understand this is to try it out. There‒s no circuit for this; you just need the
A rduino board plugged into your com puter. C reate a new  sketch w ith the follow ing code
and upload it onto the board:
void setup() { 

  // to start serial communication 

  // the argument needs to match 

  // the rate you choose in the 

  // Serial Monitor 

  Serial.begin(9600); 

  Serial.println("Hello, this is from setup"); 

   

  // a delay so that messages aren t too quick to read 

  delay(3000);

}

void loop() { 

  // printing a message and then waiting a second 

  Serial.print("This is from loop, with a print. "); 

  delay(1000); 

  Serial.println("And this is from loop with a println."); 

  delay(1000);

  int myVariable = 27; 

  Serial.print("And this is printing a variable: "); 

  Serial.println(myVariable); 

  delay(1000);

}

 You m ay have noticed that the m essages you send in Serial.print() and Serial.println() are
betw een quotation m arks (" "). This is how  you w rite in code a piece of text that you don‒t w ant the
com puter to interpret as code. You can print the value of a variable by replacing the m essage and the " "
w ith a variable nam e, such as the variable myVariable in the sketch.

A fter the sketch is uploaded onto the board, open the Serial M onitor by clicking that last
A rduino ID E button‍ the one I didn‒t cover in A dventure 1. It‒s the button on its ow n on
the right in Figure 2-3. A fter you click the button, a w indow  opens like the one show n in
Figure 2-4. You m ay notice that the num ber 9600 appears in the bottom  right of the
w indow  (if it doesn‒t you should click the num ber that is there and select 9600). This is
the num ber that needs to m atch the argum ent in Serial.begin() in your A rduino code.



FIG U R E  2-3 The Serial M onitor button

FIG U R E  2-4 The Serial M onitor in the A rduino ID E

You w ill see the m essages from  your A rduino U no appear in your Serial M onitor. The
Serial M onitor is a tool built into the A rduino ID E that lets you see the m essages sent by
the A rduino U no using serial com m unication. You w ill find it a very useful tool in all of
your adventures! W hen you are done w ith the Serial M onitor, you can just close the
w indow . It m ay also close on its ow n w hen you upload a new  sketch to your board. You
can reopen the Serial M onitor to see any new  m essages.



D IG G IN G  IN TO  T H E  C O D E

 So w hat‒s going on in the code? There are the sections that you are probably getting used to: the setup()
and loop() functions. The setup() function doesn‒t have m uch going on. The first four lines are com m ents
explaining w hat is happening. The serial com m unication is then started and a m essage is sent: Hello, this
is from setup. The A rduino U no is then paused for 3 seconds, just so that m essages don‒t print too fast to
read.

void setup() { 

  // to start serial communication 

  // the argument needs to match 

  // the rate you choose in the 

  // Serial Monitor 

  Serial.begin(9600); 

  Serial.println("Hello, this is from setup");

  // a delay so that messages aren t too quick  to read 

  delay(3000);

}

The loop() function then prints m essages in three different w ays. It first uses Serial.print() to print This is from
loop, with a print. and then w aits for 1 second. B ecause the m essage used Serial.print() and not
Serial.println(), the next m essage appears on the sam e line, w ith the new  m essage printing right after the previous
one. There‒s another 1-second delay and then a new  variable is created to hold the num ber 27. A  Serial.print()
function prints a m essage and then the variable prints at the end of the line. B ecause the variable is printed w ithout the
surrounding quotation m arks (not "myVariable"), the num ber 27 is printed.

void loop() { 

  // printing a message and then waiting a second 

  Serial.print("This is from loop, with a print. "); 

  delay(1000); 

  Serial.println("And this is from loop with a println."); 

  delay(1000);

  int myVariable = 27; 

  Serial.print("And this is printing a variable: "); 

  Serial.println(myVariable); 

  delay(1000);

}

 The setup() function is run once w hen the A rduino U no is first turned on, but the A rduino U no calls
the setup() function a couple other tim es besides w hen it is first turned on. For exam ple, there‒s a reset
button on the board that you can use to m anually restart the board, so the setup() function is called
before going on to the loop() function. A lso, w henever a new  serial connection is m ade, the board
restarts. So w henever you open the Serial M onitor, the A rduino board restarts and runs the setup()
function again. You m ay notice this happening w hen you open the Serial M onitor. The m essage being
printed gets interrupted, and the m essage in the setup() function starts printing instead. Try opening the
Serial M onitor and then pressing the reset button on the A rduino U no.



R eading D ata from  a Potentiom eter
N ow  you‒re ready to take a physical action in the real w orld and use it to m ake decisions
in code. This is exactly w hat the A rduino w as built to do! You w ill soon be turning a knob
to change w hat LED  is on.

You‒re going to start by using a potentiom eter. That‒s a big nam e for a sim ple
com ponent! It‒s sim ply a resistor that adjusts how  m uch resistance it has as you turn a
control knob‍ for exam ple, the knob you use on a stereo to turn up the volum e.
Potentiom eters com e in lots of shapes and sizes. Figure 2-5 show s a few  potentiom eters
that change their resistance through a rotating m otion. The tw o bigger ones can have
knobs or dials that fit over the end of the shafts. The little one is som etim es called a
trim pot, and it already has a sm all knob attached that you turn. Trim pots like the one
show n in Figure 2-5 w ork w ell w hen building circuits on breadboards as they fit into the
breadboard holes. Larger potentiom eters like the one on the right in Figure 2-5 can also fit
into breadboards. Potentiom eters like the one in the m iddle are easier for soldering w ires
to.

 A  potentiom eter is a type of resistor w ith an adjustable knob to vary the resistance of current.

FIG U R E  2-5 D ifferent potentiom eters



 V isit the com panion site at www.wiley/go/adventuresinarduino to w atch a video show ing different
types of potentiom eters.

The circuit to connect the potentiom eter to the A rduino involves three connections. You
can think of the potentiom eter as having tw o kinds of pins: a pair of outside pins and an
inside pin. The inside pin is w hat is connected to an A nalogue Pin on the A rduino. The
A nalogue Pins are the section of pins you haven‒t yet used (see Figure 2-6). There are six
pins in total and they each start w ith the letter A  (A 0, A 1, A 2, A 3, A 4 and A 5).

FIG U R E  2-6 A nalogue pins on the A rduino U no

It‒s tim e to build your first circuit w ith a potentiom eter! G o through the follow ing steps to
build the circuit in Figure 2-7:

1. U se a jum per w ire to connect 5V  on the A rduino U no to one of the long row s running
along the bottom  of the breadboard. If the breadboard is labelled w ith a red line or +,
connect 5V  to that row ; otherw ise, choose either row .

2. U se another jum per w ire to connect G N D  on the A rduino U no to the other long row
on the breadboard.

3. Insert the legs of the potentiom eter into any of the short row s in the m iddle of the
breadboard.

4. U se a jum per w ire to connect one of the outside legs of the potentiom eter to the long



row  connected to G N D  on the A rduino U no.
5. U se another jum per w ire to connect the other outside legs of the potentiom eter to the

long row  connected to 5V  on the A rduino U no.
6. C onnect the m iddle leg of the potentiom eter to pin A 0 on the A rduino U no.

FIG U R E  2-7 C ircuit for connecting a potentiom eter

You can read in a value com ing from  the potentiom eter that corresponds to the position of
the shaft or knob on the potentiom eter and print it to the Serial M onitor. To do this, go to
File▓  Exam ples▓ 01.B asics and open the sketch A nalogR eadSerial. Then upload the
sketch to your A rduino U no (rem em bering to set the board and port as you did in
A dventure 1 and earlier in this adventure).

W hen you‒ve finished, click the Serial M onitor button to open the Serial M onitor. R otate
the potentiom eter all the w ay to the left and then all the w ay to the right. You should see
num bers displayed in the Serial M onitor, ranging from  0 at one end to 1023 at the other.
These are the m inim um  and m axim um  num bers that the A rduino can read in from  an
analog input. W hen the num ber is 0, the pin is reading in ground (0V ). W hen it‒s 1023, it
m eans that the pin is reading in 5V. A ny num ber in betw een m eans that it is reading in a
voltage that‒s som ew here betw een ground and 5V. 5V  is the m axim um  voltage that the
A rduino U no outputs and 0V  is the m inim um , so this circuit m easures w hether the
potentiom eter is all the w ay to the left or right by m easuring w hether the voltage the
potentiom eter is outputting is the m axim um , m inim um  or som ething in betw een.



D IG G IN G  IN TO  T H E  C O D E

 So w hat is happening in the code? There‒s one line of code in the A nalogR eadSerial sketch that you haven‒t
seen before:

int sensorValue = analogRead(A0);

This line reads in the value (or voltage) being output by the potentiom eter circuit to Pin A 0 using the function
analogRead(). This function gives you num ber betw een 0 and 1023. You need to save this value into a variable so that
you can do som ething w ith this num ber later. A  new  variable, sensorValue, is created, and the num ber that
analogRead() reads in is saved in that variable. That variable is then printed to the Serial M onitor.

 You m ight have already noticed that A rduino uses A m erican spellings for w ords like ―analog.‖ It‒s
im portant to rem em ber this as an A rduino U no doesn‒t know  w hat analogueRead() m eans, only
analogRead().



C H A L L E N G E

 Sw itch the outside pins on the potentiom eter so that the one that w as connected to 5V  is now  connected to
ground, and the one that w as connected to ground is now  connected to 5V. You don‒t need to change any of
the A rduino code.

W hat changes w hen you have the circuit set up this w ay as opposed to how  it‒s w ired in Figure 2-7?



M aking D ecisions in C ode
To build interactive projects, you need to be able to take input from  the real w orld and
then have the A rduino U no do w hat you w ant according to that input. That m eans you
need to use code to m ake decisions based on incom ing inform ation from  sensors. For
exam ple, if you w ere building a burglar alarm , you w ould w ant to sound the alarm  only if
the alarm ed door w as open, so you need to know  how  to explain that in code.

C om puters w ork by answ ering yes or no questions. Those yes or no questions need to be
phrased like this:

Is 3 greater than 5?
Is 10 equal to 10?
Is 4 less than or equal to 8?

W ritten in code (so that the com puter understands it) these questions w ould look like this:
3 > 5

10 == 10

4 <= 8

The com puter or A rduino U no can then do different things based on w hether the answ er to
the question is yes or no (or true or false). It does this by using if statem ents. If the
answ er to the question in the ( ) is yes, then the code betw een the { and } is executed:
if(a<b) { 

  // then execute the code in here

}

If the answ er is no, then the code in the { } is skipped.

For exam ple, the follow ing code:
if(3<5) { 

       Serial.println("The statement is true.");

}

Serial.println("This is after the if statement.");

w ould print the follow ing:
The statement is true.

This is after the if statement.

B ut the follow ing code:
if(3<1) { 

       Serial.println("The statement is true.");

}

Serial.println("This is after the if statement.");

w ould print:
This is after the if statement.

It‒s alw ays easier to understand a new  concept by building som ething yourself and seeing
how  it w orks. In the next section, you‒re going to use if statem ents in a project to create a



status m essage sign.



B uilding a Status M essage Sign
H ave you ever seen a recording studio, either in real life or on a TV  program  or m ovie?
There is usually a sign on the outside of the room  that says ―R EC O R D IN G ‖ that lights up
to let people know  not to enter because there‒s a recording session in progress.

You are going to build your ow n sign that lets other people know  w hether they can enter,
knock first or stay out. (If you don‒t w ant to use the signs suggested here, feel free to m ake
up three different m essages that are entirely your ow n.) Each m essage has an LED  next to
it. The lighted LED  indicates w hich m essage is the active one. You set w hich m essage you
w ant to be active w ith a control knob on the side of the sign, as show n in Figure 2-8.

FIG U R E  2-8 A  status m essage sign



W hat You N eed
For this adventure you build your first project w ith its ow n housing. You need the
follow ing tools and m aterials to first build and test the circuit on a breadboard and then
also the tools and m aterials to build the com plete project. Figure 2-9 show s the electronic
com ponents that you need.

A  com puter
A n A rduino U no
A  U SB  cable
A  breadboard
3 LED s (1 green, 1 yellow , 1, red)
3 220Φ  resistors
1 10kΦ  potentiom eter
8 jum per w ires
Som e w ire
Som e electrical tape
Som e solder
A  shoebox or other sm all box
Paper or paint to decorate the box
Scissors or a utility knife
A  soldering iron
W ire cutters
W ire strippers
U SB  pow er supply (optional)



FIG U R E  2-9 The electronic com ponents you need to m ake a status m essage sign



U nderstanding the C ircuit
A s soon as you start soldering and gluing m aterials together, if you m ake a sm all m istake
it can be difficult to undo. There‒s a w ay around this: before you create your finished
circuit, you should alw ays m ake a prototype of it on a breadboard first, to m ake sure the
circuit w orks properly. That w ay, if you m ake any m istakes in your design you can easily
correct them  before you have the com ponents perm anently in place.

Figure 2-10 show s the circuit that you‒re going to build for your sign. You w ill be building
a circuit w ith three LED s and one potentiom eter. The LED s w ill be connected to Pins 5, 6
and 7, and the potentiom eter w ill be connected to ground, Pin A 0 and 5V.

FIG U R E  2-10 C ircuit schem atic for the sign

You are now  going to test the circuit and the A rduino code on the breadboard, then you
w ill rebuild the circuit w ithout a breadboard.



Prototyping on a B readboard
To build your prototype circuit, use the follow ing steps:

1. U se a jum per w ire to connect 5V  on the A rduino U no to one of the long row s running
along the bottom  of the breadboard. If the breadboard is labelled w ith a red line or +,
connect 5V  to that row ; otherw ise, choose either row .

2. U se another jum per w ire to connect G N D  on the A rduino U no to the other long row
on the breadboard.

3. Insert the legs of the potentiom eter into any of the short row s in the m iddle of the
breadboard.

4. U se a jum per w ire to connect one of the outside legs of the potentiom eter to the long
row  connected to G N D  on the A rduino U no.

5. U se another jum per w ire to connect the other outside legs of the potentiom eter to the
long row  connected to 5V  on the A rduino U no.

6. C onnect the m iddle leg of the potentiom eter to pin A 0 on the A rduino U no.
7. Put one leg of one of the resistors in a short row  on the top half of the breadboard

tow ards the left side of the board. Put the other leg of the resistor in the short row
across the gap in the m iddle of the breadboard directly below  w here you‒ve inserted
the first resistor leg. The row s of the breadboard aren‒t connected across the gap, so
each resistor leg is in its ow n row ‍ they aren‒t touching the sam e piece of m etal
inside the breadboard.

8. R epeat w ith the second and third resistors. Place one resistor in the centre of the
breadboard and the other tow ards the right side of the breadboard. Each resistor
should reach across the gap in the m iddle of the board and have one leg in a short
row  above the gap and the other in a short row  below  the gap.

9. N ow  add the LED s. The long leg of each LED  connects to the resistor, and the short
leg connects to ground. Insert the long leg of each LED  into the sam e short row  as
each resistor. It should be placed just below  the resistor. Place the green LED  on the
left side of the breadboard, the yellow  in the m iddle and the red on the right side.

10. Insert the short leg of each LED  into the long row s running the entire length of the
breadboard at the very bottom  that is connected to G N D  on the A rduino U no.

11. U sing three m ore jum per w ires, connect one w ire from  Pin 5 on the A rduino U no
(not A 5, but the 5 in the section labelled D igital) to the top of the resistor on the left
side of the breadboard connected to the green LED . U se a second jum per w ire to
connect Pin 6 to the m iddle resistor connected to the yellow  LED  and a third jum per
w ire to connect from  Pin 7 to the last resistor connected to the red LED .

W hen finished, your prototype circuit should look like the one in Figure 2-11. N otice
anything? The full circuit for the sign is a com bination of the tw o circuits you w ere
w orked w ith earlier in this chapter. The potentiom eter is read into Pin A 0, and the three
LED s are controlled by the output on Pins 5, 6 and 7.



FIG U R E  2-11 Prototype circuit on the breadboard for the sign



W riting the C ode
N ext you need the code. Launch the A rduino ID E and type the follow ing sketch in a new
sketch w indow . D on‒t forget to save it!

Start your sketch by creating em pty setup() and loop() functions.
void setup() {

}

void loop() {

}

N ext add a variable at the top of the sketch to keep track of your potentiom eter.
// Pins

int potPin = A0;

In the setup(), start serial com m unication so you can print m essages to Serial M onitor.
Type the follow ing lines betw een the { and } of the setup().
// start serial

Serial.begin(9600);

The loop() function controls all the action. The value from  the potentiom eter is read and
saved in a variable called potValue. A  different m essage is then printed according to the
num ber saved in the potValue variable. The m essage prints out w hat should happen w ith
the LED s. Type the follow ing lines betw een the { and } of the loop().
int potValue = analogRead(potPin);

// print what the pot value is

Serial.print("Potentiometer is: ");

Serial.println(potValue);

// if pot is less than 341

if(potValue < 341) { 

  Serial.println("Turn on green, turn off yellow and red");

}

// if pot more than or equal to 341 and 

// less than 682

if(potValue >= 341 && potValue < 682) { 

  Serial.println("Turn on yellow, turn off green and red");

}

// if pot more than or equal to 682

if(potValue >= 682) { 

  Serial.println("Turn on red, turn off green and yellow.");

}

// A pause to slow down the messages

delay(50);

Save the sketch and upload it to your A rduino U no. O pen the Serial M onitor and see w hat
happens w hen you turn the potentiom eter. You should see the value of the potentiom eter



print along w ith w hat the LED s should be doing‍ but you haven‒t program m ed the LED s
yet. Tim e to do that now !

A dd three m ore variables to keep track of the LED  pins at the top of your sketch.
int greenLED = 5;

int yellowLED = 6;

int redLED = 7;

Inside setup(), add the code to set each pinMode().
// set to output to LED pins

pinMode(greenLED, OUTPUT);

pinMode(yellowLED, OUTPUT);

pinMode(redLED, OUTPUT);

In the loop(), add the digitalWrite() functions to turn on and off each LED  (show n in
bold in the follow ing code). You can also rem ove the delay() at the end of the loop().
Your full sketch should look like this:
// Pins

int potPin = A0;

int greenLED = 5;

int yellowLED = 6;

int redLED = 7;

void setup() { 

  // set to output to LED pins 

  pinMode(greenLED, OUTPUT); 

  pinMode(yellowLED, OUTPUT); 

  pinMode(redLED, OUTPUT);

  // start serial 

  Serial.begin(9600);

}

void loop() { 

  int potValue = analogRead(potPin);

  // print what the pot value is 

  Serial.print("Potentiometer is: "); 

  Serial.println(potValue);

  // if pot is less than 341 

  if(potValue < 341) { 

    Serial.println("Turn on green, turn off yellow and red"); 

   // turn on green LED 

   digitalWrite(greenLED, HIGH);

   //turn off yellow and red LEDs 

   digitalWrite(yellowLED, LOW); 

   digitalWrite(redLED, LOW); 

  }

  // if pot more than or equal to 341 and 

  // less than 682 

  if(potValue >= 341 && potValue < 682) { 



   Serial.println("Turn on yellow, turn off green and red"); 

   // turn on yellow LED 

   digitalWrite(yellowLED, HIGH);

   // turn off green and red LEDs 

   digitalWrite(greenLED, LOW); 

   digitalWrite(redLED, LOW); 

  }

  // if pot more than or equal to 682 

  if(potValue >= 682) { 

    Serial.println("Turn on red, turn off green and yellow."); 

   // turn on red LED 

   digitalWrite(redLED, HIGH);

   // turn off green and yellow LEDs 

   digitalWrite(greenLED, LOW); 

   digitalWrite(yellowLED, LOW); 

  }

}

U pload the sketch w ith the circuit on the breadboard. If you don‒t w ant to type all the
code, you can dow nload the sketch from  the com panion site at
www.wiley.com/go/adventuresinarduino.

R eady? Tim e to try it out. You should be able to change w hich LED  turns on by turning
the potentiom eter. O nly one LED  should turn on at a tim e. You can open the Serial
M onitor in the A rduino ID E to m ake sure the correct values are com ing from  the
potentiom eter.



D IG G IN G  IN TO  T H E  C O D E

 There is one bit of code in the sketch for the status m essage sign that you haven‒t seen before: &&. Those
tw o am persands (&&) w ithout a space in betw een m eans that both the piece of code before it and after need to
be true.

For exam ple:

4<6 && 10<20

is true because both 4<=6 and 10<20 are true. B ut:

3>9 && 5<7

is false because only 5<7 is true; 3>9 is false. The && sym bol is a w ay to com bine restrictions in an if statem ent. In
your sketch, it‒s used to turn on the yellow  LED  only if potValue>=341 and also potValue<682.



C reating your Sign
In any project, the thing that really brings it com e to life is the structure in w hich you
house the electronics. It doesn‒t just protect your electronics and hide the parts you don‒t
w ant to see‍ it also gives you a chance to get creative. The code and circuit are a big part
of the creative process of m aking an A rduino project, of course! B ut this is the part w here
you can really let your im agination run riot so you can show  off your project to your
friends and fam ily by getting it off the breadboard and into a stylish new  hom e!

You can choose w hatever m aterials you w ould like to use to create your sign, but a
shoebox w orks w ell. It can easily be cut w ith a utility knife or scissors and decorated w ith
paper and glue or paint, and you‒ll be able to m ake it as personal as you like.

 You can w atch a video dem onstrating how  to build the sign and solder the circuit on the com panion site
at www.wiley.com/go/adventuresinarduino.

C utting H oles for the Potentiom eter and L E D s
B efore you decorate the box, you need to cut som e holes in it w here you w ant your LED s
and the knob of the potentiom eter to be located. M ake five holes: three for the LED s, one
for the knob and one for the U SB  cable. M easure the lenses of the LED s and the shaft of
the control knob so you can m ake the holes just big enough for those com ponents to fit
snugly into them . (If you m ake the holes too big, the LED s and knob w ill just fall out!)
For the U SB  cable, the hole needs to be large enough for you to pass the end of the U SB
cable that plugs into the A rduino through it.

 If you are using a shoebox, I recom m end that you m ake the holes for the LED s, knob ,and U SB  cable in
the bottom  of the box, as show n in Figure 2-12. That w ay you can easily rem ove the lid to access the
electronics and then quickly hide them  all aw ay.



FIG U R E  2-12 C utting holes for the LED s and knob

A dding the Status M essages and D ecorating the Sign
N ow  you‒re ready to transform  your old shoebox into a slick sign box by painting it or
covering it w ith paper. D ecide on your m essages‍ you can use the m essages I‒ve
suggested in Figure 2-11 or create your ow n. It doesn‒t m atter w hether you w rite or paint
them  onto the box yourself, print them  from  a com puter and glue them  next to the LED s,
cut them  out of m agazines‍ do w hatever you like. There are no lim its! Express your
creativity‍ use paint, m arkers, crayons or w hatever you have available. In m y opinion,
you can seldom  go w rong w ith glitter. O r w hy not use natural m aterials like feathers or
dried flow ers?

Soldering the C ircuit
You know  that your code and circuit w ork (and if you haven‒t tested them , go back and do
that!), so you are ready to m ore perm anently assem ble your circuit. C ircuits depend on
electricity flow ing through conductive m aterials like m etal. That m eans you can‒t use
things like glue to connect com ponents‍ the electricity can‒t flow  through glue. Instead
you use solder. It‒s like conductive glue.

Solder is a m etal that m elts at a low er tem perature than m ost m etals, but that low er
tem perature is still quite hot! M uch hotter than the oven in your kitchen ever gets, so it‒s
im portant that you are safe w hen soldering. Take as m uch care as you w ould handling hot
pots and pans w hen cooking.



 O nly solder w hen an adult is nearby to help!

 There are lot of resources online to help you get started soldering if you haven‒t done it before.
YouTube is full of videos, but the tutorials on Sparkfun
(https://learn.sparkfun.com/tutorials/how-to-solder---through-hole-soldering ) and
A dafruit (https://learn.adafruit.com/adafruit-guide-excellent-soldering ) are excellent places
to start.

 Soldering can get difficult w hen you feel like you‒ve run out of hands to hold things. You can get a tool
called a third hand or helping hand that can help hold things still for you. A n alternative is to use a bit of
poster putty to hold an item  in place w hile you solder it.

W hen any paint or glue on your box is dry, you can start laying out your circuit. B efore
you start, you should decide w here your A rduino w ill be located inside your box.

H ere‒s how  you m ake your LED  circuit (see Figure 2-13):

1. C onnect a resistor to each of the LED s. Tw ist the leg of a resistor w ith the long leg of
an LED  so that they don‒t easily com e apart. Solder the connection. D o this w ill all
three LED s.

2. Place the three LED s in their holes in the box. B end the shorter leg (the leg that
connects to ground) of the top LED  dow n tow ards the LED  below  it. R epeat w ith the
m iddle LED  and bend the shorter leg tow ards the bottom  LED .

3. C ut a piece of w ire that reaches from  the leg of the top bent LED  to the m iddle bent
LED  leg and then a second piece of w ire that reaches from  the m iddle bent LED  leg
to the bottom  bent LED  leg. It‒s better for the w ires to be too long than too short. C ut
at least an inch m ore than you m easured. U se w ire strippers to strip approxim ately a
» ‖ from  each end of the w ires.

4. R em ove the LED s from  the box. Tw ist one end of the one of the w ires w ith the short
bent leg of the top LED . Solder them  together w ith a soldering iron.

5. Tw ist one end of the other w ire w ith the short bent leg of the m iddle LED . Solder
them  together.

6. N ow  you w ill connect the w ire connected to the short leg of your top LED  to the
short leg of the m iddle LED . Tw ist the end of the w ire hanging from  the top LED
around the bent leg of the m iddle LED  and solder them  together.

7. R epeat w ith the w ire connected to the m iddle LED  to connect it to the bottom  LED .
8. Put your new ly connect LED s into their holes in the box to m ake sure they still fit. If

they don‒t, you can cut or desolder the w ires and try again.
9. You now  are going to cut the w ires that w ill reach from  the LED s to the A rduino



U no. You need to m easure and cut three w ires that reach from  the resistors connected
to the LED s and one w ire that reaches from  the short leg of the bottom  LED . A gain,
cut them  about an inch longer than the m easurem ent and strip a » ‖ from  each end.

10. Solder each of the w ires to their resistor or LED .

 R em em ber to only solder w ith an adult. B e careful; the end of the soldering iron is very hot!

FIG U R E  2-13 The LED  portion of the circuit

N ow  solder the w ires to the potentiom eter (show n in Figure 2-14):

1. Place the potentiom eter in its hole. C ut three w ires that reach from  the potentiom eter
to the A rduino board.

2. Strip about half an inch of the plastic from  one end of each of the w ires and solder
each w ire to a leg of the potentiom eter.

3. Strip about º ‖ of the plastic from  the free ends of each w ire. You do this so that they
can be inserted into the pins on the A rduino board.



FIG U R E  2-14 Soldered potentiom eter

A t this point, stop and inspect your w ork. C arefully check that none of the exposed m etal
from  the w ires or com ponent legs can touch each other. If they can, they m ight create
accidental electrical connections. If this is the case, w rap electrical tape around the m etal
to prevent that happening.

Inserting the E lectronics
W hen the glue and paint you‒ve used to decorate the box is com pletely dry, you are ready
to finish your sign and install your electronics.

Place the LED s into their holes in the box. You can use a little glue or tape to hold them  in
place if you need to.



The potentiom eter com es w ith a w asher and nut that screw  dow n on the base of the shaft.
R em ove these, push the potentiom eter through its hole and screw  dow n the w asher and nut
to hold it firm ly on the box. You can m ake a control knob to attach to the end of the
potentiom eter if you‒d like.

Insert your w ires from  your com ponents into the A rduino U no. The three w ires connected
to the resistors go to Pins 5, 6 and 7. The w ire connected to the short leg of the bottom
LED  is inserted in a G N D  pin. O ne of w ires connected to an outside leg of the
potentiom eter is inserted in 5V, and the other outside leg is connected to G N D . The
rem aining w ire connected to the m iddle pin is inserted in Pin A 0.

You now  need to decide how  you w ant your project to be pow ered. You can, of course,
leave your A rduino U no connected to your com puter, but that can be inconvenient. You
can also still use your U SB  cable, but plug it into a w all adapter instead of your com puter,
as show n in Figure 2-15. W all adapters often com e w ith new  m obile phones, so you m ight
have one lying around already. A ny that lets you connect a U SB  cable is fine to use.

FIG U R E  2-15 Pow er supply that you can use w ith an A rduino board

C ongratulations! You have created your ow n status m essage sign that you can set up and
plug in to display a m essage of your choice. You‒ve created your first A rduino project that
breaks free from  the com puter and can run on its ow n. Yours m ay look very different from
the one in Figure 2-16, and that‒s great! You are w ell on your w ay to becom ing an
A rduino expert!



FIG U R E  2-16 C om pleted status m essage sign



Further A dventures w ith A rduino
N ow  that you can change the output of the A rduino U no according to the turn of a
potentiom eter, w hat else could you do? H ere are som e project ideas:

C hange the speed of a flashing LED  by turning the potentiom eter.
M ake the LED s flash in a sequence and change the speed w ith the potentiom eter.

A rduino C om m and Q uick R eference Table

C om m and D escription

int
D ata type that creates a new  variable that is an integer (w hole num ber). See also
http://arduino.cc/en/Reference/Int.

Serial.begin()
Starts the serial com m unication so m essages can be sent and received. See also
http://arduino.cc/en/Serial/Begin.

Serial.print()
Sends a m essage w ithout a new line at the end. See also
http://arduino.cc/en/Serial/Print.

Serial.println()
Sends a m essage w ith a new line at the end. See also
http://arduino.cc/en/Serial/Println.

analogRead()

R eads in the voltage on the specified pin and assigns it a num ber from  0 (for
ground) to 1023 (for 5V ). See also
http://arduino.cc/en/Reference/AnalogRead.

if()
U sed to determ ine w hether a section of code w ill be  executed. See also
http://arduino.cc/en/Reference/If.

A chievem ent U nlocked: You are taking charge and m aking decisions!



In the N ext A dventure
You w ill start adding m otion and controlling a m otor in the next project.



O N E W AY  O F m aking your projects m ore dynam ic is by introducing m ovem ent. W hen
you add m ovem ent to a project it can feel as if you‒ve actually brought it to life. This
adventure w ill show  you how , by w orking w ith a servo m otor and adding sw itches to your
circuits.

In this adventure, you w ill start by finding out about the new  com ponents you are going to
w ork w ith, then use those com ponents to build a fantastic com bination safe, w hich only
opens w hen you turn all the potentiom eters to their secret positions and push the button. If
you know  the right com bination, the safe opens autom atically. The safe is constructed
from  cardboard, so w on‒t w ithstand a brute force attack, but it can be used to deter parents
from  getting inside!



W hat You N eed
You w ill be using a new  actuator, w hich is a fancy w ord for an object that takes an
electrical signal and then does som ething in the real w orld. You have already used one
type of actuator in A dventures 1 and 2: the LED . It takes electricity and turns it into light.
In this adventure, you use a m otor that takes electricity and turns it into m otion.

 A n actuator translates an electrical signal into a real-w orld m odifies action such as light, sound or
m ovem ent.

The opposite of an actuator is a sensor, and you w ill be using a new  one of those as w ell.
A dventure 2 introduced the potentiom eter, w hich senses rotation and translates it into an
electrical signal. H ere you use potentiom eters again and also use a button to translate a
press into an electrical signal.

 A  sensor detects som ething in the real w orld such as light, sound or m ovem ent, and translates it into an
electrical signal.

You need the follow ing item s. The electronic com ponents are show n in Figure 3-1.

A  com puter
A n A rduino U no
A  U SB  cable
A  breadboard
4 jum per w ires
A  servo m otor
A  tactile push button
1 10kΦ  resistor



FIG U R E  3-1 The electronic com ponents you need for the first part of C hapter 3



U nderstanding D ifferent Types of M otors
A  m otor is general term  for som ething that takes electricity and turns it into m echanical
m ovem ent, but different types of m otor let you control that m ovem ent in different w ays.
W hen you think of a m otor, the thing you think of is probably w hat is called a D C  m otor.
The D C  in D C  m otor stands for direct current. D irect current is the type of electricity
that you use in your A rduino circuits.

 D irect current (D C ) is the type of electricity used in A rduino circuits. It‒s the sam e kind that is
generated by a battery and is the opposite of alternating current (A C ), w hich is w hat com es out of m ain
plugs in the w all.

Toy D C  m otors are com m on in things like rem ote control cars. W hen a D C  m otor is
connected to D C  current, it spins a shaft; you can control the speed of the m otor and the
direction it spins, but not m uch else. For m ore control, you need som ething that w ill do
m ore‍ either a servo m otor or a stepper m otor.

There are different types of servo m otor, but the m ost com m on is know n as a standard
hobby servo m otor. W ith a D C  m otor, the shaft spins, but you don‒t necessarily know
w here the shaft is pointing w hen the m otor stops. A  servo m otor know s w hich w ay the
shaft is pointing. A lthough you can tell a servo m otor w here to point, it has som e
lim itations; it can only point in som e directions and can‒t rotate a full circle. W hereas a
D C  m otor can rotate continuously, a servo m otor can usually only rotate 180 degrees.

A  stepper m otor com bines the strengths of the D C  and servo m otors in that it can rotate
continuously and you can tell it a precise location to rotate to. B ut that com es at a price!
Stepper m otors tend to cost m ore than other types of m otor. There‒s a solution to this: you
can choose the cheaper option of a D C  or servo m otor for your project (see Figure 3-2)
and get round the lim itations by engineering a solution yourself.



FIG U R E  3-2 A  servo m otor and toy D C  m otor

 A  servo is a m otor that can be controlled to rotate to a specific position. It usually can‒t rotate m ore than
180 degrees.

 If you‒d like to read m ore about how  to use m otors, check out M aking Things M ove by D ustyn R oberts
(M cG raw -H ill, 2010).



C ontrolling a Servo w ith A rduino
The A rduino integrated developm ent environm ent (ID E) com es w ith everything you need
to control a servo. It even has exam ple sketches to get you going. In order to control your
servo, you need to open a sketch called Sw eep. You open Sw eep by launching the A rduino
ID E and clicking on File ▓  Exam ples ▓  Servo ▓  Sw eep (Figure 3-3).

FIG U R E  3-3 O pening the Sw eep exam ple sketch

This sketch show s how  to tell a servo to m ove. R ead through the code in the Sw eep
sketch. The first line of code after the com m ents hasn‒t appeared in the code you used in
A dventures 1 and 2:
#include <Servo.h>

The #include is telling A rduino‒s com piler that the Sw eep sketch w ill be using som e
functions that aren‒t alw ays included in an A rduino sketch, and that the com piler can find
those functions in a library called Servo. The code tells the com piler that it should read the
library file called Servo.h. The < > around the filenam e m eans that the file is located in



the standard location on the com puter w here all A rduino libraries are stored.

N ow  look at the next line of code:
Servo myservo;

This creates a new  variable called myservo but this variable isn‒t an integer like the other
variables you‒ve used (such as greenLED in A dventure 2). Instead, it is the type Servo
(instead of int). B ecause the variable is a Servo, it holds all the inform ation needed to
com m unicate w ith a servo.

There is just one m ore line of code to finish setting up the servo in the Sw eep sketch. The
A rduino U no needs to know  w hich pin the servo w ill be connected to. This only needs to
be done once, so that should happen in the setup() function. A  few  lines dow n in the
sketch you should see the follow ing line:
myservo.attach(9);

N ow  you need to build a circuit to hook up your servo m otor to your A rduino board,
w hich w ill end up looking like Figure 3-4. You‒ll be glad to hear that this needs just three
connections: 5V, ground and the controlling pin. U nfortunately the bad new s is that not all
servo m otors m ake those connections in the sam e order. Som e servos (such as those
show n in Figures 3-1 and 3-2) com e w ith a label that nicely illustrates the connections. If
yours doesn‒t, find out if the place w here you bought the servo has any inform ation. If that
doesn‒t provide any help, you can just try w iring the circuit in different com binations until
it w orks!

FIG U R E  3-4 C ircuit to connect a servo to the A rduino board

B uild the circuit for the servo:

1. U se a jum per w ire to connect the ground pin (m ay be labelled G N D  or 0V ) on the
servo to any of the G N D  pins on the A rduino U no.



2. U se a second jum per w ire to connect the 5V  pin on the servo to the 5V  pin on the
A rduino U no.

3. U se a third jum per w ire to connect the rem aining pin on the servo to Pin 9 on the
A rduino U no.

A fter the circuit is built, upload the Sw eep sketch (check out A dventure 1 if you haven‒t
done this before), and w atch your servo com e to life! It should start rotating back and
forth. You w ill hear and see it w orking.



R epeating the Sam e T hing O ver and O ver
The A rduino board controls the servo m otor through electrical pulses that tell it w here to
rotate. You don‒t have to w orry about how  it does that, as the details are nicely handled by
the servo library. A ll you have to do is tell the servo w here to go to. You can choose a
position for the servo to point anyw here betw een 0 and 180 degrees.

In the Sw eep sketch, the servo rotates its arm  back and forth. You could tell the servo to
do this by copying and pasting myservo.write over and over again, like this:
myservo.write(0);

myservo.write(1);

myservo.write(2);

myservo.write(3);

That isn‒t a very efficient w ay to do things, though. C om puters are really good at doing
repetitive tasks, so there‒s a better w ay to m ake the servo rotate back and forth. If you‒ve
read the code in the Sw eep sketch to see how  it‒s done there, you m ight have noticed a
program m ing tool called a for loop.

 A  for loop is a program m ing device that repeats a block of code for a predeterm ined num ber of tim es.

The Sw eep sketch has tw o for loops. H ere‒s the first one:
for(pos = 0; pos < 180; pos += 1) 

  { 

    myservo.write(pos); 

    delay(15); 

  }

To set up a for loop, you need to provide three pieces of inform ation:

1. First of all, you need to state w hat the starting condition is. In this the Sw eep sketch
it‒s pos = 0.

2. N ext, you need to say w hat needs to happen for the for loop to continue. H ere, pos
has to stay below  180 (expressed in code as pos < 180). W hen pos is equal to or
larger than 180, the loop stops and the code in betw een the { and } is no longer
executed.

3. Finally, you need to say w hat changes each tim e the loop is executed. In the Sw eep
sketch, 1 is added to pos each tim e the code in betw een { and } is executed. This is
w ritten as pos+=1, for short, but you can w rite it in a num ber of w ays; you could
w rite it as pos=pos+1 or pos++.

 The com puter doesn‒t notice indents or spaces betw een pieces of code. Som etim es code has spaces
added to m ake it easier to read. The follow ing tw o lines of code look the sam e to the A rduino.



  for(pos=0; pos<180;pos+=1)

  for ( pos = 0; pos < 180 ; pos +=1 )

It‒s easier to see the three parts of the for loop w hen there are spaces included.

Phew ! It‒s probably tim e for a recap. In this exam ple, in the for loop, pos starts at 0.
B ecause 0 is less than 180, the code in the { } is executed. The servo is set to 0 and then
pauses for 15 m illiseconds (by using the delay() function). 1 is added to pos, so it now
equals 1. B ecause 1 is less than 180, the servo is set to 1 and then pauses for 15
m illiseconds. This keeps happening until pos is 179. The servo is set to 179 and 1 is added
to pos m aking it 180. pos is no longer less than 180, so the code in the { } is skipped and
the A rduino goes onto the next line of code after the for loop.



C H A L L E N G E

 W hat is happening in the second for loop in the Sw eep sketch? This is w hat it looks like:

for(pos = 180; pos>=1; pos-=1) 

{

myservo.write(pos); 

delay(15); 

}

C hange the for loop so that the servo only rotates from  0 to 90.



D igital Input w ith a Push B utton
You m ight think the sim ple sw itch w ould be quite a straightforw ard electrical com ponent,
but in fact sw itches are deceptively com plicated. They com e in m any shapes and sizes.
You have m any of them  in your house to turn on and off your lights. A ll they do is
com plete or interrupt a circuit. Som etim es they change w here the current flow s in a
circuit, but the type of sw itch that turns your lights on and off is m ade from  tw o pieces of
m etal that either touch or don‒t touch, depending on the position of the sw itch.

 A  sw itch is a com ponent that either disrupts or redirects the flow  of current in a circuit.

There is another type of sw itch, called a tactile push button. It also has tw o pieces of
m etal inside of it, but in this case they only touch w hen the button is actually being
pressed. A  tactile push button has four legs, but it‒s better to think of them  as tw o pairs of
legs because the tw o legs in each pair are alw ays electrically connected‍ even w hen the
sw itch is not being pressed. W hen the button is pressed, all four legs are electrically
connected. See Figure 3-5 for an illustration of how  a tactile push button w orks.

 A  tactile push button is a type of sw itch. A  push-to-break push button interrupts the flow  of current in
a circuit w hen it is pressed. A  push-to-m ake push button does the opposite by interrupting current only
w hen it is not pressed.

FIG U R E  3-5 H ow  a tactile push button w orks

N ow  you‒re going to build the circuit, including a push button, as show n in Figure 3-6.

1. Insert the push button into four row s in the centre of your breadboard. The push



button fits over the gap in the m iddle, so tw o legs are inserted in tw o row s on the top
half of the board and the other tw o legs are in tw o row s on the bottom  half of the
board.

2. U se a jum per w ire to connect the row  w here the bottom -right leg of the push button
is inserted to one of the long row s along the bottom  of the breadboard. If your
breadboard is labelled w ith a black or blue line or a -, connect it to that row . If your
breadboard isn‒t labelled, connect it to either row .

3. U se another jum per w ire to connect the long row  connected to the push button to one
of the G N D  pins on the A rduino U no.

4. U se a jum per w ire to connect Pin 2 on the A rduino U no to the row  connected to the
top-left leg of the push button.

FIG U R E  3-6 C ircuit w ith a tactile push button

N ow  you‒ve built your circuit, open the exam ple sketch at File ▓  Exam ples ▓  01.B asics 
▓  D igitalR eadSerial. U pload the sketch and open the Serial M onitor by clicking the
button in the A rduino ID E or going to Tools ▓  Serial M onitor.

R eady? Tim e to press and release the button. W hat happens in the Serial M onitor? W hen
your finger is pressing the button, you should see a 0 printed; w hen the button is not being
pressed, you should see a m ixture of 0s and 1s. The sequence of 0s and 1s is random , so
you m ight see m ostly 0s or m ostly 1s rather than an even m ixture of the tw o. This is
w hat‒s called a floating input. W hen the button isn‒t being pressed, the pin isn‒t
connected to a voltage source such as ground or 5V ‍ it‒s floating. The A rduino U no is
reading in random  values from  that pin.

 A  floating input is a pin that is not connected to anything. The pin reads in random  values if it is not
connected to a voltage source, such as ground, 5V  or a sensor.

It‒s not a good thing to have floating values. The m ain reason is that w hen the A rduino



―reads in‖ a digital signal from  a pin, it reads in a 0 w hen the pin is connected to ground
and reads in a 1 w hen it‒s connected to 5V. If the pin isn‒t connected to either ground or
5V  and is random ly reading in 0 and 1, then it‒s im possible for your code to m ake good
decisions based on the input from  that pin. If you w ant to start a m otor m oving only w hen
a button is pressed, connecting that pin to ground, then you can‒t have the pin reading in 0
w hen the button isn‒t pressed.

The w ay around this problem  is to use a kind of resistor called a pull-up resistor. A  pull-
up resistor gives a default value of 5V  to a pin by alw ays connecting that pin to 5V. The
pin is also connected to the push button, and the push button is connected to ground. The
resistor usually has quite a high value, such as 10kΦ . There is no resistance betw een
ground and the pin w hen the button is pressed, so the pin connects to ground instead of 5V
through the pull-up resistor. Electricity alw ays chooses the path w ith the least resistance,
and, in this case, that is the path betw een ground and the pin.

 A  pull-up resistor is a resistor that is connected to the high voltage in a circuit, w hich sets the default
state of the pin on that circuit to HIGH. The resistor is usually 10kΦ .

Like m ost things w ith electronics, the effect of a pull-up resistor is m uch easier to
understand w hen you actually build a circuit and see w hat happens for yourself. That‒s
w hat you‒re going to do now . C hange the circuit on your breadboard to the one show n in
Figure 3-7.

1. Start w ith the circuit you just built w ith the push button in the centre of the
breadboard.

2. U se a jum per w ire to connect from  the 5V  pin on the A rduino U no to the other long
row  along the bottom  of the breadboard (the one that isn‒t connected to ground).

3. Place one leg of the 10kΦ  resistor in the sam e short row  as the low er-left leg of the
push button. Insert the other leg of the resistor into the long row  now  connected to
5V.



FIG U R E  3-7 C ircuit w ith a pull-up resistor

You don‒t need to change anything in your A rduino code, and you can just leave the Serial
M onitor open. N ow , w hat happens w hen you press and release the button? It should now
only show  0 w hen the button is pressed and 1 w hen it is released.

The A rduino board has pull-up resistors built into it already, so you can use these instead
of building a pull-up resistor into your circuit on the breadboard. To do this, you first
indicate that you w ant to use one of the built-in pull-up resistors w hen you set up the
pinMode() in setup(), by typing in the follow ing code:
pinMode(pushButton, INPUT_PULLUP);

N ext, change the D igitalR eadSerial sketch so that the second argum ent of pinMode is
INPUT_PULLUP instead of INPUT. Your setup() should look like:
void setup() { 

  // initialize serial communication at 9600 bits per second: 

  Serial.begin(9600); 

  // make the pushbutton s pin an input: 

  pinMode(pushButton, INPUT_PULLUP); 

}

Finally, upload the sketch again and change your circuit on your breadboard to the one in
Figure 3-8 by rem oving the 10kΦ  resistor and jum per w ire connecting 5V  and one of the
long row s. Your button should act the sam e w ay as it did w hen you had the pull-up resistor
on the breadboard.



FIG U R E  3-8 C ircuit w ith a push button and internal pull-up resistor on the A rduino board



B uilding a C om bination Safe
W ell done! You have built up quite an arsenal of sensors and actuators. N ow  you can start
putting them  together to m ake som ething very cool and very useful: a com bination safe
that opens and closes autom atically (see Figure 3-9). To open the safe, you dial in a
com bination and push a button. The box w ill only open if the com bination is correct, and
it w ill stay open until you release the button. It can be a great place to keep a secret candy
stash or keep your favourite pens and pencils from  being ―borrow ed‖ w ithout your
perm ission.

FIG U R E  3-9 C om bination safe



W hat You N eed
You need the item s in the follow ing list to build your safe. It includes the com ponents you
need to prototype your circuit on a breadboard and the com ponents you use in your safe.
Figure 3-10 show s the electronic com ponents you need.

FIG U R E  3-10 The electronic com ponents you need to build your com bination safe

You use a different button in your safe than on your breadboard. You use a panel m ount
push button instead of a tactile push button. You still use a tactile push button to test your
circuit on a breadboard, but the panel m ount button is bigger and easier to m ount on a
cardboard box. You find out how  to connect w ires to the panel m ount button later in this
chapter.

 A  panel m ount push button is a push button that is designed to be m ounted inside a case. It com es
w ith a nut and w asher to secure it to a panel.

H ave the follow ing supplies on hand before you start the project:

A  com puter
A n A rduino U no
A  U SB  cable
A  breadboard
16 jum per w ires
A  tactile push button (push-to-m ake)
A  panel m ount push button (push-to-m ake)



A  servo m otor
3 10kΦ  potentiom eters
Som e solder
A  soldering iron
Som e w ire
A  paperclip or bam boo skew er
A  sm all box w ith a lid to be your safe
A  hot glue gun
Scissors or a utility knife

Your box can be any size, but a box approxim ately the size of a shoebox w orks w ell. It
w orks best if the lid is already attached to the base of the box, but the lid isn‒t attached, I
explain how  you can attach it yourself.

You can also use anything you w ould like to decorate your box, such as paint or paper.

 V isit the com panion w ebsite to see a video show ing how  the building the safe
(www.wiley.com/go/adventuresinarduino ).



U nderstanding the C ircuit
The circuit for the safe has three com ponents a servo, three potentiom eters and a push
button. The three potentiom eters are read into three analog pins and the push button is
read into a digital pin. The servo m otor is controlled from  another digital pin.

Figure 3-11 show s the schem atic for the safe. Looks com plicated, doesn‒t it? D on‒t w orry;
you w ill build it step by step. B efore you solder the circuit for your safe, you‒re going to
m ake a prototype of it on your breadboard.

FIG U R E  3-11 C ircuit schem atic for the com bination safe

 In circuit schem atics, line show ing connections often cross over each other. In order to m ake it less
confusing, tw o lines are electrically connected to each other only w hen there is a circle over their
intersection. O therw ise, they are tw o independent w ires that don‒t electrically m ake contact.



Prototyping on a B readboard
You should alw ays prototype a circuit on a breadboard before building your final project.
It‒s m uch easier to fix any errors before you have started cutting w ire and soldering
connections together! B uild the circuit on a breadboard as show n in Figure 3-12.

1. Start by placing the tactile push button on the right of the breadboard. It should fit
over the gap in the m iddle of the breadboard, and each of the four legs should be
pushed into the nearest row s.

2. Place three potentiom eters evenly across the rest of the breadboard. Each leg of the
potentiom eters should be in its ow n row  on the breadboard.

3. U se a jum per w ire to connect the 5V  pin to one of the long row s along the bottom  of
the breadboard and a second jum per w ire to connect a G N D  pin to the other long row .
If your breadboard is labelled (not all are), then connect 5V  to the row  w ith a red line
or +, and connect G N D  to the row  w ith a blue or black line or -.

4. C onnect the left leg of each potentiom eter to the long row  connected to G N D  using
three jum per w ires.

5. C onnect the right leg of each potentiom eter to the long row  connected to 5V  using
three jum per w ires.

6. C onnect the low er-right leg of the push button to G N D .
7. U se three jum per w ires to connect the m iddle pin of each potentiom eter to Pins A 0,

A 1 and A 2.
8. U se a jum per w ire to connect the top-left leg of the push button to Pin 7.
9. M ake the three connections for the servo. C onnect the ground pin of the servo to the

long row  on the breadboard connected to G N D , connect the 5V  pin of the servo to the
long row  connected to 5V  and connect the rem aining pin on the servo to Pin 9 on the
A rduino U no.



FIG U R E  3-12 C ircuit for the com bination safe



W riting the C ode
Just like the circuit, the sketch for the safe looks com plicated at first. B ut after you build it
up, step-by-step, you w ill see that sketch is just the com bination of sm aller sections of
code. The code detects w hether the button is being pressed. If it is, the A rduino U no
checks w hether the three potentiom eters are turned to the correct values to open the box. If
they are, then the box opens; if they aren‒t, then nothing happens.

Start by launching the A rduino ID E. Start a new  sketch w ith an em pty setup() and
loop():
void setup() { 

} 

void loop() { 

}

A t the very top of your sketch before setup(), add the follow ing lines:
#include <Servo.h> 

// Pins 

int potPin1 = A0; 

int potPin2 = A1; 

int potPin3 = A2; 

int buttonPin = 7; 

int servoPin = 9; 

// other variables 

int open1 = 0; 

int open2 = 1023; 

int open3 = 0; 

int range = 10; 

int boxOpen = 0; 

Servo servo;

The first line im ports the library to control the servo and the rest of the lines are variables.
The first group (under // Pins) are the variables to keep track of w hich pins are
connected to the sensors and actuator.

The next five variables are for controlling the box. The variables open1, open2 and open3
are the values that the potentiom eters need to be turned to in order to open the box.
B ecause it can be difficult to turn the potentiom eter to a precise num ber (especially w hen
you aren‒t using Serial M onitor to see the exact values from  the potentiom eters), the range
variable is used to determ ine how  close you have to be to the right num ber. For exam ple,
any value from  open2-range through to open2+range registers the second potentiom eter
as being in the correct position. The larger the num ber stored in range, the easier it is to
open the box.

The boxOpen variable is used to keep track of w hether the box is opened or closed. The
box starts closed, so the variable is set to 0. W hen it is opened, it is set to 1 and then
changed back to 0 w hen the box is closed. The loop() function holds the code that



controls boxOpen.

The last variable is a fam iliar one: servo. It is the variable that com m unicates w ith the
servo.

The next step is to add the code to the setup():
// set button pin to be an input with 

// with pull-up resistor 

  pinMode(buttonPin, INPUT_PULLUP); 

// attach servo to pin 

servo.attach(servoPin); // attaches the servo on pin 9 

                       // to the servo object 

servo.write(90); // start with the box closed 

Serial.begin(9600); //start serial communication

The first line of setup() sets the pinMode() for the push button and turns on the internal
pull-up resistor. The rest of the function attaches the servo to its pin, m akes sure the servo
has closed the box and then starts serial com m unication.

Finish your sketch by adding the follow ing to the loop():
// check if button is pressed 

int buttonValue = digitalRead(buttonPin); 

// if button is pressed and box is closed 

if(buttonValue == 0 && boxOpen == 0) { 

  // button is pressed 

  int potValue1 = analogRead(potPin1); 

  int potValue2 = analogRead(potPin2); 

  int potValue3 = analogRead(potPin3); 

  Serial.print("pot 1: "); 

  Serial.print(potValue1); 

  Serial.print(" pot 2: "); 

  Serial.print(potValue2); 

  Serial.print(" pot 3: "); 

  Serial.println(potValue3); 

// if all values are within correct range 

if(potValue1 < (open1+range) && 

   potValue1 > (open1-range) && 

   potValue2 < (open2+range) && 

   potValue2 > (open2-range) && 

   potValue3 < (open3+range) && 

   potValue3 > (open3-range) 

   ) { 

   // open the box 

   Serial.println("opening"); 

   for(int pos = 90; pos > 0; pos -= 1) 

   { 

     servo.write(pos); 

     delay(15); 

   } 

   boxOpen = 1; 

  } 



} 

  // if button is pressed and box is open 

if(buttonValue==1 && boxOpen==1) { 

  Serial.println("closing "); 

  // close the box 

  for(int pos = 0; pos < 90; pos+=1) 

  { 

   servo.write(pos); 

   delay(15); 

  } 

  boxOpen = 0; 

}

You now  have a com plete sketch and you are ready to check w hether your circuit is
w orking correctly. U pload your sketch to the A rduino U no and open the Serial M onitor.
Turn the potentiom eters until they m atch the values stored in open1, open2 and open3, and
then push and hold the button. The servo should rotate and stop. R elease the button and
the servo should return to its starting position.

The D igging into the C ode section goes through the loop in m ore detail to explain how
your safe functions. H ere‒s the full sketch:
#include <Servo.h> 

// Pins 

int potPin1 = A0; 

int potPin2 = A1; 

int potPin3 = A2; 

int buttonPin = 7; 

int servoPin = 9; 

// other variables 

int open1 = 0; 

int open2 = 1023; 

int open3 = 0; 

int range = 10; 

int boxOpen = 0; 

Servo servo; 

void setup() { 

  // set button pin to be an input with 

  // with pull-up resistor 

  pinMode(buttonPin, INPUT_PULLUP); 

  // attach servo to pin 

  servo.attach(servoPin); // attaches the servo on pin 9 to the servo

object 

  servo.write(90); // start with the box closed 

  Serial.begin(9600); //start serial communication 

} 

void loop() { 

  // check if button is pressed 

  int buttonValue = digitalRead(buttonPin); 



  // if button is pressed and box is closed 

  if(buttonValue == 0 && boxOpen == 0) { 

   // button is pressed 

   int potValue1 = analogRead(potPin1); 

   int potValue2 = analogRead(potPin2); 

   int potValue3 = analogRead(potPin3); 

   Serial.print("pot 1: "); 

   Serial.print(potValue1); 

   Serial.print(" pot 2: "); 

   Serial.print(potValue2); 

   Serial.print(" pot 3: "); 

   Serial.println(potValue3); 

   // if all values are within correct range 

   if(potValue1 < (open1+range) && 

     potValue1 > (open1-range) && 

     potValue2 < (open2+range) && 

     potValue2 > (open2-range) && 

     potValue3 < (open3+range) && 

     potValue3 > (open3-range) 

     ) { 

     // open the box 

     Serial.println("opening"); 

     for(int pos = 90; pos > 0; pos -= 1) 

     { 

       servo.write(pos); 

       delay(15); 

     } 

     boxOpen = 1; 

   } 

  } 

  // if button is pressed and box is open 

  if(buttonValue==1 && boxOpen==1) { 

   Serial.println("closing "); 

   // close the box 

   for(int pos = 0; pos < 90; pos+=1) 

   { 

     servo.write(pos); 

     delay(15); 

   } 

   boxOpen = 0; 

  } 

}



D IG G IN G  IN TO  T H E  C O D E

 Let‒s look at the loop() of the code you‒ve just input in a little m ore detail.

The value of the buttonPin is read in. If the value is 0 and the box is closed, then the values of each of the
potentiom eters are read:

// check if button is pressed 

int buttonValue = digitalRead(buttonPin); 

// if button is pressed and box is closed 

if(buttonValue == 0 && boxOpen == 0) { 

   // button is pressed 

   int potValue1 = analogRead(potPin1); 

   int potValue2 = analogRead(potPin2); 

   int potValue3 = analogRead(potPin3);

The value of each potentiom eter is printed to the Serial M onitor to help w ith any debugging:

Serial.print("pot 1: "); 

Serial.print(potValue1); 

Serial.print(" pot 2: "); 

Serial.print(potValue2); 

Serial.print(" pot 3: "); 

Serial.println(potValue3);

If each potentiom eter is w ithin range of the correct value:

// if all values are within correct range 

if(potValue1 < (open1+range) && 

  potValue1 > (open1-range) && 

  potValue2 < (open2+range) && 

  potValue2 > (open2-range) && 

  potValue3 < (open3+range) && 

  potValue3 > (open3-range) 

  ) {

then the box is opened by using a for loop to rotate to the 0 position. You know  if the box is closed if boxOpen is 0.
A fter the box is open, boxOpen gets set to 1 so that you have confirm ation that the box is open.

   // open the box 

   Serial.println("opening"); 

     for(int pos = 90; pos > 0; pos -= 1) 

     { 

       servo.write(pos); 

       delay(15); 

   } 

   boxOpen = 1; 

  } 

}

If the value of the buttonPin is 1 and the box is open, the box is closed by using a for loop to rotate the servo to
position 90. The boxOpen variable is then set to 0.

// if button is pressed and box is open 

if(buttonValue==1 && boxOpen==1) { 

  Serial.println("closing "); 



  // close the box 

  for(int pos = 0; pos < 90; pos+=1) 

  { 

     servo.write(pos); 

     delay(15); 

  } 

  boxOpen = 0; 

}

If the button is pressed w hile the box is already open, or the button is released w hile the box is already closed, then
nothing is done and the loop() is repeated.



C H A L L E N G E
Set your secret com bination to open the safe using the open1, open2 and open3 variables. A djust how  easy it is to dial
in the num bers using range.



M aking the Safe
A t last, you‒re ready to m ake your safe! This is very sim ilar in construction to the status
m essage sign in A dventure 2. You‒re going to use a box (such as a shoebox) to house the
electronics.

1. A ttach the lid to the box. W hen you attach the lid, m ake sure you attach it along one
side so that it hinges open and shut. That w ay, the servo m otor can dram atically push
the lid up to open the box w ithout the lid falling off. O ne w ay of doing this is to m ake
a paper hinge w ith a strip of paper and glue, as show n in Figure 3-13.

2. N ext, you need to decide w here you w ant to put your potentiom eters and button. This
is entirely up to you, although you probably w ant them  to be on the front of the box
for easy access. C ut holes so that the shafts of the potentiom eters and button fit
snugly. C ut a hole that can pass the U SB  cable into the box to pow er the A rduino
U no.

3. Servo m otors com e w ith a selection of different arm s. These pop onto the end of the
rotating shaft of the servo m otor. You w ant to use the one that is a single arm
extending from  the shaft. (D on‒t use the cross arm .)

The arm  isn‒t very long, so you can extend it by attaching another object to it. You
can use anything you like, but a bam boo skew er or paperclip w orks w ell. G lue the
object to the servo arm  and m ake sure it‒s firm ly attached (see Figure 3-14).

4. U pload the sketch for the safe onto the A rduino U no and set up the prototype circuit
on the breadboard if you haven‒t done so already.

5. R em ove any arm  attachm ents from  the servo. If the code is running on the A rduino
board and you aren‒t pressing the button, the servo should be rotated to the 90
position. N ow  attach the servo arm  so that it is at 90 degrees‍ position it so that it
w on‒t push the lid of the box up. W hen you dial the correct com bination and press
the button, the servo arm  should rotate to point straight up.

6. The extended arm  of the servo pushes up the closed lid, but how  does it close it again
after it‒s open? C reate a paper loop that is attached to the underside of the lid as in
Figure 3-15. The extended arm  of the servo goes in this loop and uses it to pull the lid
closed.



FIG U R E  3-13 If the lid is not already attached to your box, add a paper hinge.

FIG U R E  3-14 Extend the servo‒s arm  by attaching an object like a paperclip or bam boo
skew er.



FIG U R E  3-15 Paper loop so the servo can close the safe



Soldering the W ires
U se the follow ing steps to solder the w ires:

1. Place the potentiom eters in their holes in the box. M easure and cut four pieces of
w ire that reach from  the potentiom eter farthest from  the A rduino U no to the next
nearest potentiom eter. C ut them  about an inch longer than you need. Strip about » ‖
from  the end of each w ire. R epeat and cut a w ire that reaches from  the m iddle
potentiom eter to the one closest to the A rduino U no (see Figure 3-16). These w ires
connect the outside legs of the potentiom eters to each other.

2. C ut tw o pieces of w ire that reach from  the outside legs of the potentiom eter closest to
the A rduino U no to the 5V  and G N D  pins on the board. C ut them  about an inch
longer than you need and use w ire strippers to strip about » ‖ from  each end of the
w ires.

3. C ut a piece of w ire that reaches from  the closest potentiom eter to the connector on
the servo. C ut it about an inch longer than you need and use w ire strippers to strip
about » ‖ from  each end of the w ires.

 R em em ber to solder only w ith adult supervision. V isit the com panion site for videos about how  to
solder (www.wiley.com/go/adventuresinarduino).

4. Solder the outside legs of the tw o potentiom eters farthest from  the A rduino U no to
each other using the w ires as show n in Figure 3-16.

5. Solder the w ires for the potentiom eter closest to the A rduino U no. O ne of the outside
legs w ill have tw o w ires soldered to it‍ one from  the m iddle potentiom eter and a
w ire that connects to the A rduino U no. The other outside legs of the potentiom eter
w ill have three w ires soldered to it‍ the rem aining w ire from  the m iddle
potentiom eter, a w ire that connects to the A rduino U no and a w ire that connects to
the servo.

6. M easure and cut three pieces of w ire that reach from  each of the potentiom eters to
Pins A 0, A 1 and A 2 on the A rduino U no. C ut them  each about an inch longer than
you need and strip about » ‖ from  the end of each w ire.

7. Solder one end of each w ire the m iddle leg of each potentiom eter.
8. Place the panel m ount push button in its hole. M easure and cut tw o pieces of w ire

that reach from  the push button to Pin 7 and a G N D  pin on the A rduino U no. C ut the
w ire about an inch longer than you need and strip about » ‖ from  the end of each
w ire.

9. Solder one w ire to one leg of the push button and the other w ire to the other leg.



FIG U R E  3-16 Soldered com ponents

To sum m arise:

You w ill have three w ires com ing from  the m iddle leg of each potentiom eter that w ill
eventually connect to the A rduino U no.
The potentiom eter farthest from  the A rduino U no w ill have one w ire connected to
each outside leg that connects them  to outside legs of the next potentiom eter.
The m iddle potentiom eter w ill have tw o w ires connected to each outside leg: a w ire
connecting that leg to the first potentiom eter and a w ire connecting it to the last
potentiom eter.
The last potentiom eter w ill have tw o w ires connected to one outside leg and three
w ires connected to the other outside leg. The leg w ith tw o w ires w ill be connected to
the m iddle potentiom eter and the rem aining w ire w ill eventually connect to the
A rduino U no. The leg w ith three w ires is connected to the m iddle potentiom eter, to a
w ire that w ill connect to the servo and to a w ire that w ill connect to the A rduino U no.
The push button has one w ire connected to each leg. These w ill eventually connect to
the A rduino U no.

 Every box w ill be a little different. The sizes w ill be different, and lids w ill be looser or tighter. You m ay
have to be creative to solve engineering problem s so that your box opens and closes. For exam ple, you
m ight need to attach a paper loop on the underside of the lid so that the servo arm  catches it and pulls the
lid dow n (refer to Figure 3-15).

W hy not try m aking your ow n paper box? Find an origam i book in your library or look online for a box and lid
pattern.



Inserting the E lectronics
The potentiom eters and push button com e w ith nuts and w ashers that thread onto the base
of the shafts. R em ove the nuts and w ashers and then stick the stem s of the potentiom eters
and push button through the holes you‒ve m ade in your box. Screw  the w ashers and nuts
back on to secure the com ponents to the cardboard. A dd som e glue if they still w iggle
around m ore than you‒d like.

Inside the box, build your circuit by connecting the w ires to their respective pins on the
A rduino U no. O ne of the w ires soldered to an outside pin of a potentiom eter w ith three
w ires soldered to it should be inserted in 5V; the other one from  the leg w ith tw o w ires
soldered to it should be inserted in a G N D  pin. C onnect the three w ires from  the three
potentiom eters to Pins A 0, A 1 and A 2. C onnect one w ire from  the push button to a G N D
pin and the other w ire to Pin 7. C onnect the last w ire from  the potentiom eter leg w ith three
w ires soldered to it to the 5V  connection on the servo. U se tw o jum per w ires to connect
the servo to G N D  and in 9.

G o ahead and test it out! You now  have a box w ith a secret code that autom atically opens.
Figure 3-17 show s the com pleted w iring.

FIG U R E  3-17 C om pleted com bination safe



Further A dventures w ith A rduino
N ow  that you have som e servo experience under your belt, check out these projects:

http://playground.arduino.cc/ComponentLib/Servo

http://arduino.cc/en/pmwiki.php?n=Tutorial/Knob

W orking w ith servos and A rduino is just the beginning of w hat you can do in the field of
robotics. C heck out these am azing robots‍ m any built using A rduino!

http://artbots.org/2011/participants/

http://makezine.com/projects/building-a-simple-arduino-robot/

http://www.makershed.com/collections/robotics

A rduino C om m and Q uick R eference Table

C om m and D escription

#include C om m and to im port a library. See also http://arduino.cc/en/Reference/Include.

Servo.h Library to control a servo. See also http://arduino.cc/en/reference/servo.

Servo O bject for controlling a servo. See also http://arduino.cc/en/reference/servo.

Servo.attach() A ttach a Servo variable to the specified pin. See also http://arduino.cc/en/Reference/ServoAttach.

Servo.write()
W rite a value to the servo to tell it w hat position to m ove to. See also
http://arduino.cc/en/Reference/ServoWrite.

for Loops over a section of code a certain num ber of tim es. See also http://arduino.cc/en/Reference/For.

A chievem ent U nlocked: You are successfully com bining circuits and code!



In the N ext A dventure“
A  few  LED s are good, but lots of LED s are even better! In the next adventure you find out how  to control large
batches of LED s w ith sm all circuit chips called shift registers.



Y O U  A R E W ELL on your w ay to becom ing an A rduino expert. You‒ve tackled all sorts
of things, from  m otors to potentiom eters. You‒ve even handled three potentiom eters at the
sam e tim e. B ut w hat about w orking w ith m ore than three of the sam e thing? O ne LED  is
good, three LED s are better‍ but how  about 24 LED s?

A s an experienced A rduino engineer, you m ight take a look at your A rduino board and
question m y counting abilities. There aren‒t 24 output pins for LED s on your board?
You‒re right! B ut you can harness the pow er of special chips called shift registers to
extend the num ber of outputs, and that‒s w hat you‒re going to do in this adventure.

C ode can start getting a little m essy w hen you‒re w orking w ith so m any outputs, so I‒ll
show  you som e w ays to keep your code tidy and easier to understand.

W hen you put it all together at the end of the adventure, you w ill m ake a carnival-style
light-up sign that spells out your nam e (or any other w ord you choose).



W hat You N eed
For the start of this adventure, you need a breadboard, LED s and resistors. You‒re going to
be exploring different w ays to light up a collection of LED s in code. You then find out
w hat a shift register is and how  to use it. You need the follow ing item s; the electronic
com ponents are show n in Figure 4-1:

A  com puter
A n A rduino U no
A  U SB  cable
1 large breadboard or 2 sm all ones
38 jum per w ires
16 LED s
16 220Φ  resistors
2 74H C 595 shift register integrated circuits (IC s)

FIG U R E  4-1 W hat you need for the first part of this adventure

 Integrated circuit (IC ) nam es can be quite long and seem  com plicated, but they are just holding a lot of
little pieces of inform ation. For this adventure, you‒re using the 74H C 595 shift register, and that‒s the set
of num bers and letters that you need to look for w hen you buy the part. If you get a chip that has tw o
letters in the part num ber before 74H C 595, it‒s okay. These are a code for the com pany that m akes the
chip. C hips like shift registers are m ade by lots of different com panies, so you don‒t need to w orry if the
chip you are thinking about buying has these tw o extra letters. A s long as the chips you buy has the next
set of num bers and letters (74H C 595), w hat you have is good. There m ay be an additional last letter tells
you w hat shape or package the chip is. For breadboard circuits, you w ant it to be N  for a D IP (a package
w ith tw o row s of legs that fits into a breadboard). The section ―G etting M ore O utputs w ith Shift
R egisters‖ explains m ore about w hat that m eans.



O rganising Your C ode
C ode is sim ply w ritten instructions that a com puter can understand. O ften, you have to
repeat those instructions. In such cases, you can save tim e by copying and pasting the
sam e piece of code m ultiple tim es to get the com puter to repeat the sam e set of
instructions. B ut w hat if you m ake a sm all typo? M aybe you m iss a sem icolon? The tiniest
m istake can lead to your program  not w orking properly. It can be hard to figure out w hy it
w orks the first tw o tim es and then fails the third tim e. Long sections of repeated code can
also m ake it m ore difficult to follow  w hat is happening in your sketch. Your code becom es
less readable.

Program m ers like to joke that they are lazy and don‒t w ant to do m ore w ork than
necessary! So com puter scientists w ho w rite program m ing languages spend a lot of tim e
designing the w ay instructions are w ritten out, to help m inim ise the risk of m aking sim ple
m istakes w hen doing things like copying and pasting code. The follow ing sections
introduce you to som e of the techniques you can use to sim plify your code.



U sing Functions
O ne easy w ay to repeat code is to put the lines of code you w ant to be repeated into
som ething called a function. It‒s like giving a nam e to a set of instructions. You then only
need to w rite out the nam e of the group of instructions each tim e you w ant them  to
happen, instead w riting all of the instructions individually.

If you‒ve w orked through the earlier adventures, you have already been using functions
w ritten by som eone else. For exam ple, digitalWrite() is a function that controls a
D igital Pin on the A rduino U no. The function handles all the details of turning on and off
the pin; you just have to call the function. N ow  you get to start w riting your ow n
functions.

 You‒re going to add functions to the Blink sketch in this adventure. You m ight recall that I‒ve talked
about functions before‍ in particular, the setup() and loop() functions. These are functions just like
the ones you‒re going to use in the Blink sketch, but you don‒t get to give them  your ow n nam es; they
have to be called setup() and loop(). W hen the A rduino first starts up, it looks for a function called
setup() and executes the lines of code in it. It then looks for a function called loop() and repeatedly
does w hatever lines of code are in that function.

It‒s alw ays easier to understand a new  concept w hen you get to try it out yourself, so take
a look at the Blink sketch you first w orked w ith in C hapter 1. O pen up the sketch by
going to File ▓  Exam ples ▓  1.B asics ▓  B link.

The first thing you need to do is save a copy of the Blink sketch. You‒re saving a copy
rather than using the original exam ple because you‒re going to m ake som e changes to the
sketch, so you don‒t w ant to overw rite the exam ple. Save the sketch by selecting File ▓  
Save A s. N am e the file BlinkingFunctions.ino.

Take a look at your new  B linkingFunctions sketch (your copy of the B link exam ple
sketch). In the sketch, m ost of the action happens in the loop() function:

// the loop routine runs over and over again forever: 
void loop() { 
  digitalWrite(led, HIGH);      // turn the LED on 

  delay(1000);                 // wait for a second 
  digitalWrite(led, LOW);      // turn the LED off 

  delay(1000);                 // wait for a second 
}

You can create your ow n function that does the sam e thing as the four lines of code in the
preceding loop() function. B ut before you do that, hold fire! There are a couple of
im portant things I w ant to highlight about w riting a function first.

A  function alw ays has three pieces of inform ation, and you need to type all three of these
before the first curly bracket of each pair (see Figure 4-2).



FIG U R E  4-2 The anatom y of a function

The first piece of inform ation is the type of data that w ill be output or returned from  the
function. In m ost of the code you create in this book, this is just void, m eaning that there
isn‒t anything returned. If there is data that is output or returned from  the function, the data
type is listed instead of void. For exam ple, if your function com putes an answ er as an
integer, the return data type is int instead of void.

 You m ight have noticed that the term  void keeps appearing before setup() and loop(). The term  just
m eans that the function doesn‒t return anything w hen it‒s finished. For exam ple, you m ight w rite a
function that calculates the sum  of three num bers, intending the answ er to the calculation returned to the
position w here you called the function so you can save the answ er in a variable. This variable m ight be
an int. For functions that sim ply turn on and off lights, no additional inform ation is needed w hen the
function finishes, so the return type is void.

The second bit of inform ation is the nam e of the function. The rules for nam ing a function
are sim ilar to nam ing a variable as described in A dventure 2:

You can‒t have spaces in the nam e, but you can use num bers and letters.
You can‒t start the nam e w ith a num ber.
You m ake the first letter low ercase.

You m ight find the last piece of inform ation a little hard to find; it‒s the round brackets
(also know n as parentheses). W hen there isn‒t anything betw een the first ( and the second
), it m eans there aren‒t any input argum ents. You can pass inform ation to a function using
input argum ents; and you see how  to do that later in this section.

R eturn to the sketch and go to the very last line of code‍ the one after the closing bracket
of the loop() function. A dd the follow ing code, m aking sure it isn‒t inside any other
function. (In other w ords, m ake sure that the code you‒re adding is not inside the
parentheses or brackets of any other function.)

// turn on the LED for 1 second 
// then off for 1 second 
void blinkOnce() { 
   digitalWrite(led, HIGH);      // turn the LED on 



   delay(1000);                  // wait for a second 
   digitalWrite(led, LOW);       // turn the LED off 

   delay(1000);                  // wait for a second 

}

You have just created a new  function called blinkOnce(). It doesn‒t take any input
argum ents (because the ( and ) are em pty after the function nam e), and it doesn‒t return
anything (because it lists void before the function nam e). Inside the function, it blinks the
LED  on for 1 second and then off for 1 second.

 It‒s a good habit to add a com m ent at the top of your function that explains w hat the function does. You
can use // at the beginning of the each line or /* and */ at the beginning and end of a paragraph. It
m ight seem  unnecessary w hen it‒s a sim ple function, but if you alw ays do it, then you‒ll alw ays
rem em ber to add com m ents for m ore com plicated functions. W hen you share code that‒s w ell
com m ented, others w ill be able to understand it, too.

N ext, change the original loop() function so it only calls your new  function:

// the loop routine runs over and over again forever: 
void loop() { 
   blinkOnce(); 

}

U pload the sketch to the A rduino board by connecting your A rduino U no and clicking the
U pload button. You should see the LED  blink on and off just like the original Blink sketch
did in A dventure 1.

N ow  you‒re going to see w hat functions can really do. You‒re going to add a little m ore
code that adds a variable to the function to control the speed of the blink.

C hange your blinkOnce() function to the follow ing (the changes are in bold):

// turn on the LED for time passed in argument 
// then off for time passed in argument 
void blinkOnce(int time) { 
   digitalWrite(led, HIGH);  // turn the LED on 

   delay(time);              // wait 

   digitalWrite(led, LOW);   // turn the LED off 

   delay(time);              // wait 
}

B y adding a variable betw een the ( and ), your program  is saying that the function needs
som e additional inform ation in order to run. This is called an argum ent, and w ith it you
can pass inform ation directly from  one function to another.

This m eans you need to include an argum ent w hen you call blinkOnce() in the loop()
function. C hange the loop() function again so it m atches the follow ing code:

// the loop routine runs over and over again forever: 
void loop() { 
   blinkOnce(1000); 

}



W hen you add an argum ent of 1000, the LED  should blink on and off just as it did before
‍ on for 1 second and then off for 1 second.



C H A L L E N G E

 M ake the LED  blink on for 1 second and then off for 1 second, then on for 5 seconds and off for 5 seconds.
You‒ll need to call the () function tw ice in the loop() function w ith different argum ents.



U sing for L oops
A nother useful w ay to organise your code is to repeat som ething a certain num ber of
tim es. For exam ple, instead of going to all the trouble of w riting a function five tim es in a
row , you can use another piece of code to do it for you. A  for loop is one w ay of doing
that.

A  for loop needs three key pieces of inform ation, as show n in Figure 4-3.

FIG U R E  4-3 The anatom y of a for loop

The first piece of inform ation is the starting condition. A  for loop begins w ith a starting
value for a variable. This is usually just a tem porary variable that is only used in the for
loop. It can be called anything that you w ould like, but program m ers tend to call this
variable i.

The second piece of inform ation is w hat is needed in order for the loop to stop. This is
phrased as a true or false question and is often checking if the variable has becom e too
big. It m ight be som ething like i<10.

The last piece of inform ation is w hat happens to the variable after each loop. The variable
needs to get from  its starting value to som ething that causes the loop to end; otherw ise it
w ould just go on forever and your program  w ould never get past the for loop. This piece
of inform ation is usually i++, w hich sim ply m eans add 1 to i and save the new  num ber in
i again.

M ake a new  sketch (either by clicking the N ew  button in the A rduino ID E or going to File 
▓  N ew ) and type the follow ing code:

void setup() { 
   Serial.begin(9600); 
} 



void loop() { 
   int i; 
   for(i=0; i<10; i++){ // for loop that counts from 0 to 9 
     Serial.println(i); // print the current value of i 
     delay(1000); // wait for 1 second 
  } 

  delay(3000); // wait for 3 seconds 
}

U pload the code to your A rduino board and then open the Serial M onitor in the A rduino
ID E by clicking on the Serial M onitor button or going to Tools ▓  Serial M onitor. You
should see the for loop counting from  0 to 9 over and over again.

 Try changing i++ to i+=2. W hat do you think is happening?



G etting M ore O utputs w ith Shift R egisters
In the earlier adventures in the book, you built circuits w ith som e essential electrical
com ponents. Things like resistors are the m ost basic com ponents but you can com bine
them  w ith other basic com ponents to form  m ore com plicated circuits. H ow ever, you don‒t
necessarily have to spend a lot of tim e (and use up a lot of space) building a com plicated
circuit. You can som etim es buy a chip that has already been put together for you,
containing m ore com plicated circuits. These chips are called integrated circuits, or IC s
for short.

 Integrated circuits (IC s) are circuits contained w ithin a single chip. The sam e circuit can be put into
different shaped chips, called packages. W hen w orking w ith a breadboard, you w ant w hat is know n a
D IP or D IL package. That‒s the shape that has legs that fit into a breadboard.

 C hips com e in different packages. That just m eans different sizes and shapes. W hen w orking w ith
breadboards, you w ill w ant to use com ponents that are dual in-line packages (shortened to D IP or D IL).
They have legs that fit into a breadboard. The other type of com ponent package is a surface-m ount
device (SM D ). SM D  packages are very sm all and are designed to be easily placed on circuit boards in
factories. They are m uch m ore difficult to use in circuits built at hom e w ith breadboards. M ost of the
com ponents on your A rduino U no (all those tiny black rectangles and even the LED s) are SM D
packages.

 A  dual in-line package (D IP or D IL) is one possible shape of an IC  chip. It has tw o row s of legs that
can fit into a breadboard.

 A  surface-m ount device (SM D ) is one possible shape of an IC  chip or other com ponent such as a
resistor. It is m ade for soldering onto a flat surface w ithout any legs being inserted into holes on a circuit
board.

You can use m ultiple chips in the sam e circuit to do the sam e thing over and over. You can
think of IC s as being the functions of electronic com ponents.

In this adventure you are going to use an IC  called a shift register. The shift register
you‒ll use takes three inputs that control w hat happens on eight outputs. So w ith just three
pins from  the A rduino board, you w ill be controlling eight different LED s. Even better,
you can attach a shift register to another shift register in a chain. So you can keep adding
eight m ore LED s w hile still only using three pins on your A rduino board!



 A  shift register is a device that can control m ultiple outputs w ith relatively few  inputs. It is com m only
used to control a large num ber of LED s.



H ow  a Shift R egister W orks
The three inputs that a shift register takes are the CLOCK, the DATA and LATCH.

C lock
The CLOCK is the drum  beat of the circuit. M essages are being sent from  the A rduino to the
IC . You can think of the A rduino as singing a song w ith the IC . In order for the IC  to be
able to follow  along, the A rduino and IC  need to sing at the sam e tem po. The CLOCK is a
series of HIGH and LOW values (see Figure 4-4) that pulse to let the IC  know  w hen new
inform ation is being transm itted, like the drum beat that lets the IC  follow  along w ith the
A rduino.

FIG U R E  4-4 The CLOCK signal

D ata
The DATA is w hat you w ant each of the outputs (LED s) to be set to, w hich w ill be either
HIGH or LOW. A  shift register can control eight LED s. The A rduino U no sends the shift
register the value of the LED s one by one like so:

1. The first LED  value is sent to the shift register from  the A rduino U no. The shift
registers sets the first output pin to be that value.

2. The second LED  value is sent to the shift register. The shift register set the second
output pin to the value that w as saved in the first output pin and then sets the first
output pin to the m ost recent value sent by the A rduino U no.

3. The A rduino U no sends a third LED  value to the shift register. The third output pin
now  is set to w hat the second output pin w as previously set to; the second output pin
is set to w hat the first output pin w as set to; and the first output pin is set to the new
value.

4. The A rduino U no keeps sending new  values to the shift register. Each tim e a new
value com es in, the shift register shifts all the previously saved values for each output
pin dow n to the next pin. The new est value sets the first output pin.

Each tim e you send the shift register a new  value for an output, the previous value gets
shifted to the next output. That‒s w here the nam e shift register com es from !

W hen you have finished sending output values, you need to tell the shift register that you
have finished so it can turn on or off the output pins of the chip‍ w hich is w hat LATCH



does.

L atch
The final input is the signal that tells the shift register to either listen for m ore inform ation
or go ahead and output the inform ation it has. W hen the LATCH pin is LOW, the IC  is
listening; w hen it changes to HIGH, the IC  starts doing and the output values are sent out.
W hen LED s are connected to the shift register, they w ill turn on or off according to the
new  values stored in the shift register w hen the LATCH changes to HIGH.

Figure 4-5 illustrates how  the three inputs w ork together to control the shift register.

FIG U R E  4-5 H ow  a shift register w orks



M aking the C onnections for a Shift R egister
The first thing to do is build your circuit. Start by putting your shift register chip on your
breadboard. The chip fits over the gap in the m iddle of the board. You m ay need to bend
the legs a little to get the chip to fit nicely into the holes. N otice that there‒s a little dot
printed on a corner or a half circle cut out from  one end of the chip: this is the top of the
chip, and it‒s very im portant that the chip is in the sam e orientation as the diagram  show n
in Figure 4-6.

 The legs of the IC  can be delicate, so take care w hen bending them . A lso take care w hen rem oving the
chip from  the breadboard as it can be easy to accidentally bend the legs.

FIG U R E  4-6 Pin-out diagram  for the shift register

You are ready to start building your shift register circuit. Figure 4-6 is a pin-out diagram
that show s the shift register labelled w ith the pin num bers for the chip and show s w hat
connects to each pin on the chip. N ote that the colours correspond to the w ire colours in
Figure 4-7. N ow  you need to m ake the first of the connections by follow ing these steps
(don‒t connect your A rduino U no to your com puter yet):

1. U se a jum per w ire to connect one of the long row s along the bottom  of your
breadboard to a G N D  pin on the A rduino U no. If your breadboard is a labelled w ith a
blue or black line or a -, connect it to that row .

2. U se a jum per w ire to connect the other long row  along the bottom  of your breadboard
to the 5V  pin on the A rduino U no.

3. U se tw o jum per w ires to connect each of the long row s along the bottom  of the
breadboard to the long row s along the top. If your breadboard is labelled, connect the
red or + to the other row  w ith red or a + then connect the rem aining tw o long row s to
each other.

4. U se tw o jum per w ires to connect the short row s connected to Pin 8 and Pin 13 on the



shift register to the long row  on the breadboard connected to ground.
5. U se tw o jum per w ires to connect the short row s connected to Pin 10 and 16 on the

chip to the long row  connected to 5V.
6. U se a jum per w ire to connect the short row  connected to Pin 14 on the shift register

to Pin 11 on the A rduino board.
7. U se a jum per w ire to connect the short row  connected to Pin 11 on the shift register

to Pin 12 on the A rduino board.
8. U se a jum per w ire to connect the short row  connected to Pin 12 on the shift register

to Pin 8 on the A rduino board.

W hen you‒ve finished, your circuit should look like Figure 4-7. N otice the shift register
chip in the m iddle, facing in the correct direction.

FIG U R E  4-7 First connections for the shift register



A dding L E D s
N ow  it‒s tim e to add the LED s. If you have a second breadboard, you m ight find it easier
to have the shift register on one board and the LED s on another, but you can also fit
everything on a single breadboard.

Each of the LED s needs a current-lim iting resistor, just like w hen a LED  is hooked up
directly to a pin on the A rduino board. Each output of the shift register is connected to a
current-lim iting resistor and then to a LED , w hich is then connected to ground.

U sing Figure 4-8 as a guide, follow  these steps to add your LED s and resistors:

1. Place the short legs of 8 LED s in the long row  along the top of the breadboard that is
connected to ground.

2. Place each of the long legs of the LED s into their ow n short row s on the breadboard
‍ w herever they easily fit is fine as long (as nothing else is already connected to the
row ).

3. Place one leg of a resistor into the sam e short row s as the long legs of the LED s.
4. B end the resistors over the gap in the m iddle of the breadboard, and insert the free

legs of the resistors into the short row  directly on the other side of the gap.
5. U se eight jum per w ires to connect each resistor to an output pin on the shift register

‍ pins 15 and 1 through 7. U se Figures 4-6 and 4-8 as guides.

FIG U R E  4-8 The full circuit for the shift register

D ouble-check that your connections are correct‍ go through each step again. W hen are
you sure everything is in the right place, you are ready to pow er the circuit by connecting
the A rduino U no to your com puter.

 Your chip should never get hot! If it ever gets hot, som ething is plugged in w rong, so you m ust rem ove



the pow er im m ediately. The chip m ight be dam aged and m ay need to be replaced. If it ever m akes a
popping sound and even sm okes a little, it definitely needs to be replaced. B e sure to check over your
circuit again and find the m istake before putting in a new  chip, or you w ill just dam age the next chip in
the sam e w ay!



W riting the C ode
C reate a new  sketch by clicking on the N ew  button in the A rduino ID E or going to File ▓  
N ew  and enter the follow ing code:

void setup() { 

} 

void loop() { 

}

A t the very top of your sketch, before the setup() begins, add the follow ing variables:

//Pin connected to latch pin (ST_CP) of 74HC595 
int latchPin = 8; 
//Pin connected to clock pin (SH_CP) of 74HC595 
int clockPin = 12; 
//Pin connected to Data in (DS) of 74HC595 
int dataPin = 11;

They are the three pins for the LATCH, CLOCK and DATA connections to the shift register.

N ext, type the follow ing code betw een the { and } of setup():

//set pins to output because they are addressed in the main loop 
pinMode(latchPin, OUTPUT); 
pinMode(dataPin, OUTPUT); 

pinMode(clockPin, OUTPUT);

Each of those lines of code set up the pins to be outputs that send out data to the shift
register (as opposed to reading in data).

Lastly, type the follow ing code betw een the { and } of loop():

// loop through 0 to 256 
int i; 
for(i=0; i<256; i++) { 
   // turn off the output so the pins don t light up 
   // while you re shifting bits: 
   digitalWrite(latchPin, LOW); 
   shiftOut(dataPin, clockPin, LSBFIRST, i); 

   // turn on the output so the LEDs can light up: 
   digitalWrite(latchPin, HIGH); 
   delay(300); 
}

Your com plete sketch should now  look like this:

//Pin connected to latch pin (ST_CP) of 74HC595 



int latchPin = 8; 
//Pin connected to clock pin (SH_CP) of 74HC595 
int clockPin = 12; 
//Pin connected to Data in (DS) of 74HC595 
int dataPin = 11; 

void setup() { 
   //set pins to output because they are addressed in the main Ἤloop 
   pinMode(latchPin, OUTPUT); 
   pinMode(dataPin, OUTPUT); 

   pinMode(clockPin, OUTPUT); 
} 

void loop() { 
   // loop through 0 to 256 
   int i; 
   for(i=0; i<256; i++) { 
     // turn off the output so the pins don t light up 
     // while you re shifting bits: 
     digitalWrite(latchPin, LOW); 
     shiftOut(dataPin, clockPin, LSBFIRST, i); 

     // turn on the output so the LEDs can light up: 
     digitalWrite(latchPin, HIGH); 
     delay(300); 
   } 
}

 You can dow nload the sketches in this chapter from  the com panion site
(www.wiley.com/go/adventuresinarduino ).

U pload the sketch to your A rduino U no. Your LED s should start turning on and off.



D IG G IN G  IN TO  T H E  C O D E

 So w hat is going on in the loop() function? The loop() function uses a for loop as described earlier in this
adventure. Inside the for loop, you call a function nam ed shiftOut(). This is a function that the A rduino
know s, and it takes four argum ents. In the first argum ent it sends out a num ber through the given pin
(dataPin), using the pin given in the second argum ent to send the CLOCK signal (clockPin). The third
argum ent uses a keyw ord to indicate w hether the num ber being sent out starts w ith the first digit or the last
digit (LSBFIRST). The last argum ent is the num ber being sent out. H ere the num ber being sent out is stored in
i, w hich is controlled by the for loop. It starts at i=1 and stops after i=255.

shiftOut(dataP0in, clockPin, LSBFIRST, i);

B efore shiftOut() is called, the latchPin is set to LOW. This tells the shift register to stop doing and start listening.
The new  values for the LED s are then sent in the shiftOut() function, and then the latchPin is set to HIGH. That tells
the shift register to stop listening and start doing. It then turns on and off the LED s according to the new  values it just
received.

You m ay have spotted som ething a little w eird in the code. W hy does the for loop start at 0 and count up to 256?
D oesn‒t that seem  a little strange?

C om puters like to start counting at 0. A s hum ans, w e usually skip over 0 and start counting at 1, but 0 is typically the
starting point for com puters. That‒s w hy the for loop starts at 0.

A nd w hy are you using 255 as the m axim um  value? The shift register is controlling eight LED s. Each LED  can either
be on or off, so that‒s tw o possible states for every LED . If a 0 represents an LED  off and a 1 represents an LED  on,
you can describe the on and off states of all the LED s w ith a single num ber. 11111111 w ould be all the LED s on.
10000001 w ould be all the LED s off except the first and last ones.

These num bers are special because they don‒t use all the possible digits betw een 0 and 9, but instead only 0 and 1.
N um bers that use all the digits from  0 to 9 are called decim al num bers (w hat you think of as norm al num bers), and
num bers that count using only 0 and 1 are called binary. The num ber being sent out the dataPin is represented in
binary.

The sketch that you just w rote is a binary counter; it show s you in lights how  to count from  0 to 255 in binary (0 to
11111111).

 A  binary num ber uses only the digits 0 and 1, as opposed to decim al, w hich uses the digits 0 through 9.
B inary is also referred to as base-2. D ecim al is referred to as base-10.

Figure 4-9 show s you how  to convert binary num bers into decim al num bers. A t this point, you don‒t need to w orry too
m uch about this if learning about different w ays of representing num bers doesn‒t seem  like m uch fun, but if you like
secret codes and m essages, it m ay be a topic that you w ill find very interesting.



FIG U R E  4-9 H ow  to convert from  a binary num ber to a decim al num ber



C H A L L E N G E

 C alculate the decim al num ber from  the binary pattern show n in Figure 4-10.

FIG U R E  4-10 H ow  w ould this binary pattern be represented by a decim al num ber?

 A  single digit in a binary num ber is called a bit and a group of 8 bits is called a byte. A ll com puting is
based on bits and bytes. If you‒re interested in learning m ore, you can start by looking up m ore
inform ation on bits and bytes at http://en.wikipedia.org/wiki/Bit and
http://en.wikipedia.org/wiki/Byte.



A dding M ore Shift R egisters
To add another shift register, you need to put a second IC  on the breadboard (if you‒re
using a big breadboard) or on a second breadboard (if you‒re using tw o sm all
breadboards):

1. Follow  the steps you follow ed earlier to connect the shift register to 5V  and G N D . If
you are using a second breadboard, be sure to connect the long row s of that
breadboard to the long row s of the first breadboard.

2. Instead of connecting Pins 12, 14 and 11 on the shift register to Pins 8, 11 and 12 on
the A rduino U no, connect Pins 11 and 12 of the second shift register to Pins 11 and
12 on the first shift register. This connects LATCH and CLOCK from  the first shift
register to the second one, as show n in Figure 4-11.

3. The DATA for the second shift register doesn‒t com e from  the A rduino board, but from
Pin 9 of the first shift register. U se a jum per w ire to connect Pin 14 of the second
shift register to Pin 9 of the first shift register.

4. Follow  the sam e steps in the ―A dding LED s‖ section for adding the LED s the first
shift register to connect 8 m ore LED s to the second shift register.



FIG U R E  4-11 A dding a second shift register

W hen your circuit is built, you need to change your sketch so that it controls tw o shift
registers instead of only one. M ake the changes show n in bold to the loop() function of
your sketch:

void loop() { 
   // loop through 0 to 256 
   int i; 
   for(i=0; i<256; i++) { 
     // turn off the output so the pins don t light up 
     // while you re shifting bits: 
     digitalWrite(latchPin, LOW); 

     // send to second shift register 
     shiftOut(dataPin, clockPin, LSBFIRST, i); 
     // send to first shift register 
     shiftOut(dataPin, clockPin, LSBFIRST, i); 



     // turn on the output so the LEDs can light up: 
     digitalWrite(latchPin, HIGH); 
     delay(300); 
   } 
}

U pload the sketch to your A rduino U no and w atch all 16 of your LED s turn on and off.



B uilding Your N am e in L ights
D ifferent electrical com ponents can perform  the sam e function but look very different
from  each other. LED s are an exam ple of this; for exam ple, you can use LED s in different
colours w ithout having to change the circuit, although you still need a current-lim iting
resistor and a connection to a positive voltage and ground.

LED s are m easured by their w idth and you can also buy them  in different sizes. You are
probably using 5m m  LED s but you can get them  is all sizes so you m ight like to try them
in 3m m  or 10m m . The 10m m  LED s w ork nicely in this project, but you can use w hatever
size and colour that you think looks good.

In this project you can light up as m any as 24 LED s. You can decide how  you w ant to
arrange those LED s and use them  to em bellish a carnival-style letter sign. You‒re going to
create your ow n design for a fantastic sign and put your nam e in lights (see Figure 4-12).
You can choose w hat you‒d like to spell. It can be your nam e (or just initials if your nam e
is quite long) or any other w ord‍ like LED !

FIG U R E  4-12 Your nam e (or any other w ord) in lights!

You w ill choose w hat letters you w ould like to m ake and cut them  out of cardboard. Then
you can decide w here you w ant to place the 24 LED s and add them  to your letters.

 You can w atch a video of how  to build a carnival-style letter sign on the com panion w ebsite at



www.wiley.com/go/adventuresinarduino.



W hat You N eed
Follow ing is a list of w hat you need to build your sign. R em em ber that A ppendix A  lists
places that you can buy the electronic com ponents show n in Figure 4-13.

A  com puter
A n A rduino U no
A  U SB  cable
A  breadboard (you m ay need several if you build a lot of letters)
57 jum per w ires
24 LED s
24 220Φ  resistors
3 74H C 595 shift register IC s (1 for every 8 LED s)
Som e cardboard (cutting up old cardboard boxes w orks w ell)
Som e w ire
Som e solder
Paint or coloured paper for decoration
A  soldering iron
M asking tape
Scissors or a utility knife
A  pencil, screw driver or hole punch

FIG U R E  4-13 The electronic com ponents you need to build your nam e in lights



U nderstanding the C ircuit
The circuit for this project is very sim ilar to the one you built earlier in this chapter using
tw o shift registers w ith 16 LED s. You can add up to three shift registers and 24 LED s. You
need one shift register for every 8 LED s.

There are a lot of connections to m ake, so use Figure 4-14 as a guide to w hat should be
connected. R em em ber, only the lines that intersect w ith a circle are the w ires that are
connected to each other.

FIG U R E  4-14 C ircuit schem atic for three shift registers



Prototyping on a B readboard
A lw ays check that your circuit is w orking before you start soldering! Prototype the circuit
w ith three shift registers. You m ay need to use m ultiple breadboards. Follow  the steps in
the ―A dding M ore Shift R egisters‖ section to set up three shift registers. Pin 14 of one
shift register w ill be connected to Pin 11 on the A rduino U no. For the other tw o shift
registers, Pin 14 on both of them  connect Pin 9 of the next shift register. U se Figure 4-11
as a guide and add a third shift register to the second shift register in the sam e w ay you
connected the second shift register to the first shift register. C onnect eight LED s to each of
the shift registers using the steps in ―A dding the LED s‖ section.



W riting the C ode
C reate a new  sketch by clicking on the N ew  button in the A rduino ID E or going to File ▓  
N ew . Type the follow ing code to begin w riting your sketch:

void setup() { 

} 

void loop() { 

}

A t the top of the sketch, before the setup(), add the follow ing variables:

//Pin connected to latch pin (ST_CP) of 74HC595 
int latchPin = 8; 
//Pin connected to clock pin (SH_CP) of 74HC595 
int clockPin = 12; 
//Pin connected to Data in (DS) of 74HC595 
int dataPin = 11; 

// number of shift registers used 
int numRegisters = 3; 

// first pattern to be displayed 
int pattern1 = 85; 
// second pattern to be displayed 
int pattern2 = 170;

Inside setup(), set the pin m odes and call a function, setLEDs(), that you w ill w rite later.
A dd the follow ing code:

//set pins to output because they are addressed in the main loop 
pinMode(latchPin, OUTPUT); 
pinMode(dataPin, OUTPUT); 

pinMode(clockPin, OUTPUT); 

// start with all LEDs off 
setLEDs(0);

Inside the loop() type the follow ing code to send a blinking pattern to the LED s:

// turn on LEDs in the pattern 01010101 
setLEDs(pattern1); 
// wait 1 sec 
delay(1000); 
// turn on LEDs in the pattern 10101010 
setLEDs(pattern2); 



// wait 1 sec 
delay(1000);

The only function m issing is the setLEDs() function. This is a new  function that you
w riting‍ it isn‒t included in the A rduino ID E. Type the follow ing code after the loop()
(after the }) and you can read m ore about w hat it is doing in the D igging into the C ode
sidebar:

// sends pattern to shift register for 
// which LEDs to turn on and off 
void setLEDs(int lightPattern) { 
   // turn off the output so the pins don t light up 
   // while you re shifting bits: 
   digitalWrite(latchPin, LOW); 
   

   int i; 
   for(i=0; i<numRegisters; i++) { 
     // sends out the pattern once for each shift register 
     shiftOut(dataPin, clockPin, LSBFIRST, lightPattern); 
   } 

   // turn on the output so the LEDs can light up: 
   digitalWrite(latchPin, HIGH); 
   delay(300); 
}

Follow ing is the full sketch, but you can also dow nload it from  the com panion site at
www.wiley.com/go/adventuresinarduino.

//Pin connected to latch pin (ST_CP) of 74HC595 
int latchPin = 8; 
//Pin connected to clock pin (SH_CP) of 74HC595 
int clockPin = 12; 
//Pin connected to Data in (DS) of 74HC595 
int dataPin = 11; 

// number of shift registers used 
int numRegisters = 3; 

// first pattern to be displayed 
int pattern1 = 85; 
// second pattern to be displayed 
int pattern2 = 170; 

void setup() { 
   //set pins to output because they are addressed in the main loop 
   pinMode(latchPin, OUTPUT); 



   pinMode(dataPin, OUTPUT); 

   pinMode(clockPin, OUTPUT); 

   // start with all LEDs off 
   setLEDs(0); 
} 

void loop() { 
   // turn on LEDs in the pattern 01010101 
   setLEDs(pattern1); 
   // wait 1 sec 
   delay(1000); 
   // turn on LEDs in the pattern 10101010 
   setLEDs(pattern2); 
   // wait 1 sec 
   delay(1000); 
} 

// sends pattern to shift register for 
// which LEDs to turn on and off 
void setLEDs(int lightPattern) { 
   // turn off the output so the pins don t light up 
   // while you re shifting bits: 
   digitalWrite(latchPin, LOW); 
   

   int i; 
   for(i=0; i<numRegisters; i++) { 
     // sends out the pattern once for each shift register 
     shiftOut(dataPin, clockPin, LSBFIRST, lightPattern); 
   } 

   // turn on the output so the LEDs can light up: 
   digitalWrite(latchPin, HIGH); 
   delay(300); 
}

C onnect your A rduino U no to your com puter and upload the code. Your lights should start
flashing.



D IG G IN G  IN TO  T H E  C O D E

 The variables at the top of the code and m ost of the setup() should look fam iliar to you; they are the sam e
as w hat you used earlier in this adventure. There is one new  variable: numRegisters. It is currently set to 3,
but if you w ould like to use few er shift registers, you can change it to the num ber you are using.

There‒s also a new  function: setLEDs(). This function is defined underneath loop(). It takes one argum ent: the
pattern of LED s to light up (pattern1 or pattern2).

The pattern is described by a decim al num ber. For pattern1, it is the num ber 85 in decim al, w hich is 01010101 in
binary, so it turns on every other LED  of each set of eight LED s. The other LED  pattern is pattern2, w hich is 170 in
decim al or 10101010 in binary. It is the opposite of pattern1‍ it turns on the LED s that w ere off in pattern1 and
turns off the LED s that w ere on. So w hen the LED s alternate betw een pattern1 and pattern2, it creates a flashing
pattern.

 W ant your sign to light up in a different pattern? It‒s not too difficult to create your ow n. W rite out the
pattern as a sequence of eight 0s and 1s and then calculate w hat that num ber w ould be in decim al. You
can also use an online calculator to help convert betw een binary and decim al; try
www.mathsisfun.com/binary-decimal-hexadecimal-converter.html or
www.binaryhexconverter.com/binary-to-decimal-converter.



M aking the L ights
Your first‍ and biggest‍ decision is to choose the letters you w ill create. R em em ber, you
only have 24 LED s to decorate your signs w ith. You need to decide w hat letters you
w ould like to m ake and w here the LED s w ill be placed.

1. Trace your letters onto cardboard. C ardboard from  old boxes w orks w ell. U se a pair
of scissors or a utility knife to cut out the letters.

2. If you w ant to decorate your letters w ith paint or paper, go ahead and do that now .
3. W hen any paint or glue used to decorate your letters are dry, use a tool to poke a hole

in the cardboard letters w here you w ant to place each LED . A  pencil or screw driver
can w ork w ell. M ake sure the hole is just big enough to snugly hold the LED  in
place. A t this point you‒re just determ ining the placem ent of the LED s. You insert the
lights into the holes after you have the w ires soldered. You should now  have letters
sim ilar to the ones in Figure 4-15.

FIG U R E  4-15 C ardboard letters w ith holes for LED s



Soldering the W ires
U se the follow ing steps to solder your circuit:

1. Solder a resistor to the long leg of each LED . Tw ist the legs of the resistor and LED
together so that they don‒t easily com e apart and then solder them .

 A lw ays have an adult nearby w hen you are soldering. A dventure 2 has som e m ore tips to help you stay
safe w hen you solder.

2. Place the LED s in their holes in the cardboard letters. B end the short legs of each of
the LED s tow ards the next LED  (use Figure 4-16 as a guide). If the short leg of an
LED  doesn‒t reach the LED  next to it, cut a piece of w ire that reaches from  that LED
to the next. Solder either the w ire to each LED  or the short leg of the first LED
directly to the next. R epeat for all the LED s. You should have one short leg of an
LED  left on each letter. The rest of the short legs of the LED s should be connected to
each other.

3. You use a breadboard to connect your shift registers to the LED s and the A rduino
U no. D ecide w here the breadboard and A rduino U no w ill be placed. They could be
taped to the back of a letter or could rest on the table next to the letters.

4. C ut 24 pieces of w ire that reach from  each of the resistors soldered to the LED s to the
breadboard. You m ight w ant to hide the w ires by taping them  along the back of the
letters, so be sure to cut them  long enough for that if that‒s w hat you w ould like to do.

5. Strip about » ‖ from  each end of all the w ires you just cut. Solder each w ire to its
LED .

6. C ut a w ire that reaches from  the rem aining short LED  leg on each letter to the
breadboard. You need one for each letter.

7. Strip about » ‖ from  each end of the w ires you just cut. Solder each w ire to its short
LED  leg on each letter.


